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ABSTRACT

This Quarterly Reliability Status Report is sub-
mitted in fulfillment of the requirements of
Paragraph 7.3 of Reference (a), and is the sixth
in a series of reports to be submitted as part
of the Reliability Plan.

Contract NAS 9-1100 LPR-550-
Primary No. T60 1 August 196k
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1.0 INTRODCCTION AND SUMMARY

1.1 Introduction

Updated estimates of LEM mission success and crew safety
have not been made this quarter primarily because of several
configuration changes under study. Reliability analyses of
these configuration changes have been performed and reported
in the individual subsystem section.

A review of the fourth and fifth quarterly report was held
with M3C during the latter part of this quarter. A format

and groundrules for future repcrts was agreed to at this
meeting. It was decided that the new format would be used
starting with the seventh quarterly report since incorporating
these changes in this report would have resulted in a con-
siderable delay in its release.

1.2 Summary

During this quarter the major effort in Systems and Sub-
systems Reliability Group was in the area of weight-relia-
bility and configuration trade-off studies. These studies
have included micrometeorite shielding, the helium pressur-
ization of the ascent and descent propulsion, electrical
power system generation and distribution and the over-all
Navigation and Guidance function. Reliability analyses of
all other areas has also been continuing. In light of the
fact that GAEC and NASA/MSC are examining alternate approaches
for increasing the Control Weight, weight-reliability trade-
off studies will continue during the next quarter.

The Failure Mode and Effect Analysis was begun during this
quarter and a schedule of milestone dates submitted to MSC.
The approach and the schedule for performing the over-all
LEM FMEA and the integration of vendor FMEA's is presented
in Section 3.

Contract NAS 9-1100 LPR-550~
Primary No. T60 1 August 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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1.2 Summary (continued)

Continuous effort is being devoted to the relisbility and
maintainability aspects of new and revised specification
requirements, proposal evaluation and review and analyses

of general subcontractor documentation. These are presented
in Sections 4 and 5.

Reliability Assurance test planning continued during this
quarter, This effort reported in Section 5 has been con-
tinued in all subsystem areas and LTA's 1 through 10.

Revisions and updating of the Acceptable Parts Lists and
Application Guide, LED-550-25, continued. Revised deratings
for all transistors and semiconductor diodes have been
completed.

Maintainability analyses have been started in the propulsion,
reaction control, communications, flight controls and environ-
mental control subsystems. These have included design pre-
launch checkout operations and GSE consideration.

The major effort on LEM GSE during this quarter has been in
developing a reliability program for GSE, the establishment
of specification and vendor requirements format for relia-
bility and maintainability requirements, and analyses of
GSE common-usage reliability requirements. This effort is
presented in Section 6. '

The ARTINC Religbility Training Course was completed during
this quarter and was considered very successful.

Contract NAS 9-1100 LPR-550-
Primary No. 760 1 August 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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2.0 RELIABILITY MANAGEMENT

During this period the LEM Reliability Program has been
implemented to comply with the NASA Reliability Publication
NPC-250-1. An errata and revisions to LPL-550-1A, the
Grumman Reliability Plan of 30 April l96h, has been sub-
mitted on 26 June 196k,

A review of the fourth and fifth Quarterly Reliability
Status Report was held with MSC during the latter part of
this quarter. The format and guidelines for further guar-
terlies was agreed upon. These changes will be incorporated
in the seventh quarterly report. Specifically this section,
Reliagbility Management, will present the status of the Reli-
ability Program in a form such that can be collated with
NPC-250-1. This section will include, among other things,
relationship between GAEC and its subcontractors, schedules
and problem areas, and reliability trend indicators.

Contract NAS 9-1100 LPR-550~
Primary No. T60 1 August 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION




vez-dug zIS92 .

PAGE 3.1

3.0 SYSTEMS ANALYSIS

3.1 General

During this gquarter, the major system reliability analysis
effort was spent in the continuation of weight-reliability
trade-off studies, and configuration analyses. This effort
has been directed toward the optimization of mission success
and crew safety within the over-all LEM control weight. The
results of the weight-reliability trade-off study for mete-
oroid shielding is presented in Section 3.3, and the effort
being conducted to trade-off weight and reliability in the
flight measurements areareported in Section 3.4, Work has
contimied in developing the religbility paths for each sub-
system and the over-all system for estimating mission suc-
cess and crew safety. This effort is reported in Section
3.5. During this quarter, the LEM Failure Mode and Effect
Analysis has been started. The approach to be taken and a
schedule of milestones is reported in Section 3.6. Section
3.7 discusses the present status of the LEM Reliability Con-
trol Computer Program.

3.2 Religbility Evaluation Mission Profile

The reliagbility mission profile is designed to provide a
basic mission time line for relisgbility estimation by both
LEM subcontractors and Grumman. This profile represents a
standard time line which is most representative of flyable
LEM missions. While this profile will be updated period-
ically, it is not intended that it will be changed for every
minute mission time change. It should be noted that pro-
files, such as Critical Design and Weight Reporting Missions,
have been developed by various LEM groups in order to best
describe their particular area of concentration. In the
same context, this mission profile describes a typical LEM
mission to be used in all religbility analysis.

Table 3.1, Mission Profile for Reliability Estimates, sep-
arates the LEM mission into ten (10) major phases and par-
titions it into boost and non-boost times. Boost time being
defined as whenever a major propulsion unit is operating and
subjecting the LEM to added environmental stresses. The K
factors for Non-Boost, Boost, Non-Boost Non-Operative, and
Boost Non-Operative represent multiplication factors on the
basic failure rates to agcount for the various environmental
and operationsl states. This reliability profile is being
implemented in all design control specifications.

Contract NAS 9-1100 geport  LPR-550-

Primary No. T60 pATE 1 August 1964
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TABLE 3.1

MISSICN PROFILE FOR RELTABILITY ESTIMATES

Contract NAS 9-1100

Primary No. T60_
GRUMMAN AIRCRAFT ENGINEERING CORPORATION

Mission Times Equipment Operating Time Profile
Nominal Main Phase Non-Boost {Boost |[Non-Boost {Boost |Non-Boost Boost
Phagse Hours |Hours Oper. Oper. |Non-~Oper. |Non-Oper.
K=1.0 =10 | K=.001 K=.01
Prelaunch 10.0
Earth Launch 0.197
Earth Orbit Through 3.8 0.087
Transposition
Continued Translunar T2.2 0.09
Trip Through Lunar
Orbit Injection
Coast In Lunar Orbit Lo
(LEM Checkout ) (1.85)
1 Total Pre-separation 90.0 0.374
2 LEM Separation To 0.478
Insertion
3 Tnserticn And Hohmann 0.968 [0.002
Transfer Orbit
4 Powered Descent From 0.133
Pericynthion To Hover
5 Hover To Touchdown 0.050
Post Landing Chkt. 1.25
Exploration 1.083
Prelsunch Preparatioy 1.667
6 Total Lunar Stay For 4,00
Mission Success Estimate
6A Additional Lunar Stay | 20.0
For Crew Safety Estimsfe
T Powered Ascent And 0.093
Injection
Transfer Coast 0.7
Rendezvous (5 Nauticall 0.167
Miles To 500 Feet)
10 Docking (500 Feet To 0.25
Contact)

rerort LPR-550-6
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Weight-Reliability Trade-Off Study (Meteoroid)

During this quarter, the Phase II effort of the LEM weight-
religbility study was completed and reported in LED-550-29,

The objective of this phase of the study was to determine the
relationship between meteoroid shielding and over-all LEM
weight-reliability constreaints. The purpose of the study was
to recommend how much weight in meteoroid shielding, if any,
should be added to the vehicle and where it should be allocated.
The meteoroid environment and penetration mechanics model
utilized in the study was developed and supplied by NASA-MSC.
The above referenced report contains the details of the study,
but the following conclusions and recommendations describe

the most important results of the study.

1. Major increases in mission success and crew safety can be
obtained for an additional 160 to 250 pounds of separation
weight. TFor the meteoroid environment only, 160 pounds of
separation weight increases mission success from 0.09 to
.893 and crew safety from 0.52 to .973. When combined
with the inherent reliability of the LEM vehicle, the
estimates are 0.822 and 0.963 for mission success and
crew safety, respectively.

2. About 250 pounds of separation weight must be allocated
for shielding before it would pay to allocate additional
weight to increase the religbilities of individual sub-
systems. The LEM system parameters of weight and relia-
bility are optimally traded-off for total vehicle weight
increases ranging from 160 to 250 pounds. '

3. The optimum allocatlon of dry welghts for an additional
160 pounds separation welght is 30 pounds in ascent stage
and 16 pounds in the descent stage. This weight should
be spread so as to add additional shielding to those
surface areas of the total vehicle having the greatest
effect on both mission success and crew safety and hav-
ing the thinest inherent skin thicknesses (.006 inches),
Thus, in the ascent stage, 23 pounds should be spread
over the critical effective area and T pounds over the
remaining non-critical areas of .006 shin thickness. The
16 pounds in the descent stage should be spreed over those
areas of .006 skin thickness., The detalled recommendations
for each stage are listed in Table I below.

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




OPTIMUM DISTRIBUTION OF 160 PCUNDS COF SEPARATION WEIGHT FOR METEOROID SHIELDING

Descent Stage Recommendation:

The addition of .006 inches of shielding to existing skin thicknesses of .006
inches in the Diagonal Panel and Diagonal Top Sections.

Dry Weight - 16 pounds Religbility Increase - M.S. = .52 to .975

Ascent Stage Recommendation:

1. The addition of .006 inches of shielding to existing skin thickness of
.006 inches as noted below - weigh®t 23 pounds.

2. The addition of .006 inches of shielding to existing skin thickness of
.006 inches in all remaining non-critical areas as noted below -
weight T pounds.

CGA s lonwwl|lon o .gq)m-i—’.gm o n
G eI 8’“.5 h,ﬁ‘g BT lg" E|EE
Title OF Critical Vessels TS |EeHIg9 %9 a8 & d|g8-
Section Affected e |9BE8IPE P8 (P |F &|7E
S D
28w
= O
Nav Dome 13.4 | 13.4 |.006 [.006
AFT Bay SOX, GOX ard Ascent [10k.5 | 34,5 |.006 |.006 70 |.006 .00
He Pressure Tanks
Tank Section:| Ascent Propulsion 121 19.0 {.006 |.006 102 |.006 .00
+Z BKHD Fuel Tanks & RCS H, | 49.2 | 11.2 |.006 |.006 38 [.006 .00
-Z BKHD Pressure Tanks 55,4 1.4 ].006 |.006 54 1.006 .00
TOTALS 79.5 264

3., Dry Weight - 30 pounds

Religbility Increase - 23 pounds in critical areas
T pounds in non-critical areas

.186 to .916
.52 to .973

Mission Success
Crew Safety

by Mo T80 TONEDENF— o e
Primary No. T60 DATE 1 August 196L
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
ENG 29 —




L, In order to evaluate the consequences involved in the implementation
of the recommendations listed in Table I, a detailed study by Structural
Analysis and Weights personnel is required. The principal input to this
study will be the marked-up structural blueprints depicting the critical
and non-critical effective areas described in Table I. These blueprints,
together with the recommended skin thicknesses to be added in each area,
should serve as a basis for the study. The results of the study should
include the following points: first, the total penalty associated with
the incorporation of these changes, both internal, e.g., welds, fasteners,
supports, and stiffeners, etc., and external; additional skin thicknes-
ses, Second, the effect of the changes on associated subsystems as well
as the over- all feasibility of the changes, thlrd the associated con-
siderations of cost and schedule. E :

Future efforts in the study include:

1. Continuous updating of weight and reliability estimates
due to variations in vehicle design. It should be noted
that rough parametric studies indicate that the basic
conclusions presented in the report will not be signif-
icantly changed by minor variations in reliability and
weight estimates.

2. A complete Failure Effects Analysis of all possible
failures that can be caused by meteoroid penetrations.
This study will result in more refined definition of
the critical effective areas.

3. The results of Conclusion (4) will be incorporated in
the over-all system approach.

L, Study the feasibility of repositioning critical com-
ponents compared with weight increases with the external
shielding apprcach over selective areas.

5. Investigation of the weight penalties connected with
meteoroid shower activity.

6. Trade-offs in allocation of amounts of weight between
subsystems and shielding,

Contract NAS 9-1100 _m_ serort LPR-550-6
Primary No. 760 pATE 1 August 1964
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3.4 Flight System Measureuments

A study has been initiatéd in an effort to aid in the
definition of measurements for the LEM 10 vehicle to be
considered for either operational display, caution and
warning panel, on-bogrd checkout or telemetry. The basic
approach of this analysis is %o debermine which measure-
ment information is necessary and how they should be
categorized, such that they represent the best balance
between optimum system reliability achievement and total
LEM weight constraints. The primary results of the study
will be (l) a ranking with respect to weight-reliability-~
criticality of the measurements contained in the IEM 10
Basic Measurements List, (2) a listing of possible addi-
tions and deletions +o this basic list, and (3) recommenda-
tions as to the optimum candidate measurements for opers-
tional dsiplay, caution and werning panel, on-board check-
out and telemetry.

In order to carry out this evaluation process, the follow-
ing general criteria or ground rules are assumed:

1. TFunctional information required by the crew for the
proper operation of the spacecraft must be displayed.

2. Measurements are to be considered in the Caution and
Warning category if out-of-limit values of the parameter
being measured indicate the need for impending or im-
mediate crew action.

3+« On-Board Checkout should utilize existing operational,
caution and warning, and telemetry measurements wherever
possible, Additional measurements for On-Board Checkout
must significantly contribute to an adequate level of
confidence of spacecraft operation prior to critical .
mission phases.

k., Measurements for telemetry should be provided only if
(a) they contribute either to supplying a means of -
failure anticipstion which the limits of on-board dis-
plays or crew task loading prevents the crew from per-
forming, or (b) if this measurement information would
enable the earth to significantly participate in the
ma jor decision making processes of the crew.

REPORT NO.
Contract NAS 9-1100 LPR-550-6
GRUMMAN AIRCRAFT ENGINEERING CORPORATION DATE
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3.5

3.5.1

Contract NAS
GR

Flight System Measurements (continued)

In evaluating and categorizing the flight system measure-
ments from a reliability viewpoint, criteria 2, 3, and k4
require detailed analytical study. In order to facilitate
this study, a preliminary format has been developed (Table
3.501) to compile, in a logical manner, the data necessary
to carry ouh the weighb-religbility-criticality trade-offs.
Using the Basic LEM 10 Measurements List as a starting
point, each measurement is being analyzed and classified
according to the following parameters: first, the wvehicle
function being measure; second, probability of failure of
this function prior to a critical mission phase; third,
probability of failure of the means of measurements (sensor);
fourth, criticality of the function being measured, i.e.,
essential for crew safety, etc.; fifth, physical weight of
the measurement means and its associated hardware. The
effect on the functions reliability can be derived from the
mode and probability of failure of the measurement means
and its reliability relationship to the function. The
trade-off studies will begin during the next quarter as

all the pertinent data is generated and collected.

Reliability Estimation

Path Analysis

Continued efforts in the religbility path analysis have
been directed towards the completion of the study as
described in the last quarterly report (Section 3.4).

The major results of the study will take the form of reli-
ability paths and feasibility factors by mission phase for
each nominal subsystem configuration. These results, to-
gether with operating times, stress factors and updated
equipment failure rate estimates are being stored on com-
puter tape as they are complied., The tapes in turn will
be used in the computer program for reliability estimation
(see Section 3.5.2).

REPORT NO.

§a11.00 LPR-550-6
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3.5.1 Path Analysis (continued)

The present status of the analysis is:

1. Mission Success Paths have been completed and documented
for:

8. Guidance and Control - including Navigation and
Guidance, Stabilization and Control, and VHF por-
tion of Communications (revised paths in LMO-550-

319)
b. Ascent and Descent Propulsion (LED-550-31)
c. Reaction Control (LED-550-28), and

d. Environmental Control and Electrical Power Gener-
ation (LED-550-30).

The Descent Propulsion paths are a first cut at a high
level equipment breakdown and a study at a lower level
breskdown is in progress. The paths for ECS and EPS
are integrated to describe the dependent functions of
these subsystems. Additional paths are required to
define the independent function of the two subsystems.

2. TFeasibility factors are completed for the Guidance
and Control and Ascent Propulsion paths. The feasibility
factors for the other paths listed gbove are in progress.

Future efforts in this study will include:

1. Completion of path analysis (mission success) for the
 subsystems (Instrumentation, Communications, Structures,
EED, etc.).

2. Completion of the abort paths (crew safety) for each
subsystem for descent and lunar stay phases.

3. Integration of subsystem paths to form the total
system paths.

REPORT NO.
Contract NAS 9-1100 LPR-550-6
GRUMMAN AIRCRAFT ENGINEERING CORPORATION DATE
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3.5.2 Computer Program

The main program is being modified in the following ways:

1. There will be an increase in the number of equipments
which can be handled (from 99 to 999).

2. An option is provided for having the input data on
cards or tape.

In addition, another program has been generated for the
purpose of preparing tapes with religbility data for use
with the main program. As a result, the main program is
being further modified to incorporate changes to the data
tapes (prepared by the side program) prior to the relia-
bility calculations.

Two data tapes per set of equipments will be used. One
unit will contain the equipment base fallure rate, phase
operating time, and phase stress factor. The other tape
unit will contain conditional reliabilities (of success-
fully completing each phase given operation at the begin-
ning of the phase) for each equipment.

The main program could conceivably perform the tasks of
the side program allows for more efficient use of the main
program in that less preparation of input data would be
required and this gives rise to shorter running times for
the program.

3.6 LEM Failure Mode And Effect Analysis

3.6.1 General Approsth

The LEM system and subsystem Failure Mode and Effect
Analysis (FMEA) will include a systematic evaluation of
each subsystem in terms of its potential failures and the
affects of these failures on the subsystem, the rest of
the system, and the mission. The purpose of the FMEA is
to highlight design and operational wesknesses (system
and. subsystem), if they exist, and to provide g basis for
extending the current reliability paths for future use in
trade-off studies.

REPORT NO.
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3.6.1

General Approach (continued)

This analysis will be performed on the equipment level
(e.g., IMU, DECA, RCA Propellant Controls, Ascent Pro-
pulsion Pressure Controls, etc.). The failures (both
complete and degraded) of each equipment will be defined
in terms of its functions. The function failure modes
of each equipment will be examined by mission phase in
the following basic areas:

l. TFailure Cause

Possible causes of the malfunction, if known, will be
analyzed. The vendor failure effect analyses will be
utilized in this area.

2. Uncompensated Effects On Subsystem And Spacecraft

Assuming no corrective action were initiated by the
crew, the effects of a malfunction will be examined
on (a) the subsystem, (b) the other subsystems, and
(c) the mission. In many cases, trajectories, oxygen
supply, propellant supply, for example, will have to
be considered.

3. Pailure Detection Methods

Existing failure detection methods, if any, will be
indicated for each malfunction.

4, Compensating Provisions

The .continue or abort paths available after a mal-
function will be analyzed. For both continue and
abort paths, the areas considered will include:

(a) the crew actions that might be necessary, (b)
the effects on other subsystems (engine lifetimes,
propellant available, consumable, etc.), (c) the
interrelations with the CSM and GOSS, and (d) change
and effects an IV and time from the nominal profile.

5. Criticality Class

Each malfunction will be numerically ranked based on

(a) the probability of occurrence, (b) time criticality,
and (c) the consequence of the failure if uncompensated
for.

REPORT NO.
- LPR-550-6
Contract NAR.OUMAN AIRCRAFT ENGINEERING CORPORATION DATE
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3.6.1 General Approach (continued)

The analysis will, in addition, allow for a logical and
effective integrations of FMEA's on lower levels of
assembly, many of which are currently being performed by
LEM subcontractors and vendors under LEM Reliability
direction,

The major uses to which the FMEA will be put in consonance
with the LEM contingency analysis are for evaluating (1)
LEM subsystems for compatibility under various failure
modes and causes, (2) compatibility between LEM and CSM
under various failure conditions, (3) subsystem sizing
(delta v budgets, error budget, tank sizing, power re-
quirements, etc.), (4) instrumentation, and displays and
controls, (5) engine lifetimes, (6) subsystem configur-
aticns, (7) crew task analysis, (8) defining requirements
for the LTMS and FMES, and (9) flight operational rules
and procedures.

3.6.2 LEM FMEA Milestone Schedule

The LEM Failure Mode and Effect Analysis (FMEA) milestone
schedule has been established consistant with the major
,,,,, _ dates ofthe LEM Development Program. Failure Mode and

Effect Analyses will be performed on all flight equipment
and integrated into system FMEA's for Flight Test Articles
(FTA's) and LEM vehicles one through ten. It should be
noted that all LEM's will have essentially the same equip-
ment configurations as the LEM 10 vehicle, with the addi-
tion of a Mission Programmer in LEM's 1, 2, and 3, and
other modifications required for their individual missions.
Individual subsystem milestone schedules are not included
separately since they are all required to be updated on
the milestone dates indicated.,

Since most LEM equipment is subcontracted, equipment level
FMEA's will be performed by Grumman's vendors. Grumman
will perform equipment level FMEA's on those items it will
design and manufacture. There is then the requirement to
integrate the equipment level FMEA's into an over-all LEM
system FMEA, The E's in the attached schedule indicate

REPORT NO.
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3.6.2

LEM FMEA Milestone Schedule (continued)

equipment level FMEA's which require review, coordination,
and direction of vendors, and the S's refer to the LEM
system level FM and EA integration effort. Since the LEM
system level FMEA is of primary interest for design evalu-
ation and trade-offs they have been scheduled for the fol-
lowing times:

S, - Preliminary Design Freeze (L.EM 10)

82 - Final Design Freeze

33 - Qualification Test Completed (LEM 10)
S, - LTA's and FTA's Completed (LEM 10)

55 - 9ix Months Prior to Delivery at AMR
S6 - Delivery at AMR

S7 - Scheduled Flight Dates

Generally, the equipment level FMEA's (E) are scheduled
to precede each system FMEA (S). As can be seen from the
schedule, there is an interplay between the information

gleaned during the program as well as between the LEM's
themselves. Thus, as far as LEM 10 is concerned, for
example, the equipment level FM and EA will reflect the
following considerations:

El - Dbased on vendor design information and mission
plans

E2 = based on vendor FM and EA, reliability assurance
tests, and LTA 2

E3 - based on vendor FM and EA, LTA's 1, 3, 6, 10 and
qualification tests

E), - based on vendor FM and EA, and LTA's Y o5, 7,8,

9, and FTA's 1 and 2

REPORT NO.
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3.7

LEM Religbility Control Computer Program

The development schedule of the LEM Religbility Computer
Program (LRCP) was revised during this quarter to reflect
the M3C desire for an operational failure reporting computer
program with the capability of generating weekly data tapes
Tor MSC., 1In accordance with the procedural outline con-
tained in the LEM Quarterly Reliability Status Report, dated
1 May 1964, a detailed comparison was made of the failure
reporting design requirements for the LRCP and the MSC data
processing requirements as stabted in NASA correspondence
PRI-23-64-32, PR1-23-64-63, and the updated amendment to
PR1-23-64-63. The existing variances necessitated many
changes to the planned LRCP contents. However, it was
recognized that the alteration of the program input require-
ments could be accomplished without the major schedule slip-
page and large expenditure of a reprogramming.effort. Studies
were made of the possible approaches to a revision of the
LRCP to include the MSC data items and codes. Some of the
methods considered were:

. Duplicate LRCP tapes for traunsport to MSC

. Develop a separate MSC computer program

. Translate and transpose from LRCP input data

. Translate and/or transpose from LRCP central file
. Transpose from LRCP input data

A g OV AV

Contract NAS 9-1100

Primaryr Nn

A presentation was made on 12 and 13 May 1964 at which a
revised LRCP development plan, calculated to produce a
computer program mutually agreeable to MSC and GAEC, was
outlined for MSC representatives., At MSC direction, a
request for a contract change authorization to amend the
LRCP development as presented, with the exception of a
data tape transposition program, was prepared and submitted.
Although spproval of this request has not been received at
GAEC, revision of the failure reporting computer program
was undertaken in order to adhere to the development schedule
described in the MSC presentation. Input formats to the
LRCP were changed to include elements of data requested by
MSC and field sizes were adjusted to correspond to the re-
quested coded entries. Look-up tables also were added in
order not to compromise the GAEC requirement for non-coded
outputs. Transmittal sheets were developed for the failure
reporting, failure anslysis and corrective action sections
of the ILRCP to facilitate data preparation for the opera-
tional program to shorten the duration of the program
checkout period, and to serve as permanent records of pro-
gram transactions. Copies of these transmittal forms are
shown in Figures 3-7-1, 3-7-2, and 3-7-3, Finally, in
compliance with the MSC request contained in WASA corres-

REPORT NO.
LPR-550-
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3.7

LEM Religbility Control Computer Program (continued)

pondence, NAS 9-1100, PPS-23-64-235, the exact formats of
GAEC failure data input records, including field lengths,
and the sequence of records on tape were forwarded to MSC.

EDP activity has continued concurrently in the areas of

test identification and parts control. A limited version

of the latter presently is undergoing an extensive checkout
preparatory to the submittal of operational data. Input

and output formats for the test identification program have
been designed and this section of the LRCP will be completed
subsequent to the failure reporting assignment.

The integrated aspects of the LRCP have been retasined and
all parts of the program will be accessible through any one
of multiple designations of a unique item. This will be
accomplished through s computer routine which will equiv-
alence a limitless number of external numbers to specific
stored data entries.

2159z apo)
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Contract No. NAS 9-1100 REPORT

Primary No. T60

SUBSYSTEM ENGINEERING

General

During this quarterly period effort was expended in each sub-
system in the areas of configuration analysis, failure mode
and effect analysis, proposal evaluation, review of program
plans and vendor liaison. Updated reliability estimates are
presented for the propulsion and RCS subsystems. As will be
noted in each subsystem section below, configurations are
still changing or under study such that comparison between
estimated and allocated reliabilities cannot necessarily be
used as trend indicators.

The status of vendor reliability program plans as of July 1,
196k is shown in Table 4.1 below.

Propulsion Subsystems

Surmary

mission success paths

formed. The paths of operation internal to the respective
main propulsion subsystems are noted in Reference (a). Re-
sults of this study will be used to facilitate the computer
mechanization of subsystem and system reliability estimations.

The main effort of subsystem reliability has been directed to
a Failure Mode and Effect Analysis (FMEA) of LEM subsystems,
including each main propulsion subsystem. The purpose of the
FMEA is to highlight design and operational weaknesses, if
present, and to provide a basis for extending the existing
religbility paths for future use in trade-off studies. 1In
addition, the analysis will provide for a logical and effec-
tive integration of FMEA's on subsystem and component levels
of assembly, to accomplish the intended function of a com-
plete LEM FMEA.

Near the close of the report period, investigation of the
effect on subsystem reliability of a proposed configuration
change from ambient to supercritical heliwum storage, for the
main propulsion subsystems, was begun. A report of investi-
gation results will be prepared during the next reporting
period.

LPR-550-6
DATE 1 August 1964

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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Major Effort Anticipated For Next Quarter

Reliagbility effort for the next reporting period will be
directed toward:

1. Continuation of a Failure Mode and Effect Anslysis of
the propulsion subsystems.

2. Evaluation of proposed configuration changes and their
effects on the estimated reliability of the affected
subsystem.

3. Revising the reliability estimates of the propulsion
subsystems to reflect the latest mission profile, as noted
in Section B.

Estimated Reliability Of Current Propulsion Subsystems

Reliability estimates for the total LEM mission of the
current subsystem configurations depicted in Reference (a),
are summarized in Table 4.1.3.1.

The crew safety estimate was prepared using the following
assumptions:

is approximately 1.0.

b. Clear pericynthion orbit is attained after a 24 hour
lunar stay.

Reliability estimates for the Bell ascent and Rocketdyne
descent engines listed in Table 4.1.3.1, were obtained from
Reference (a). The reliability estimate for the STL descent
engine represents the vendor estimate based on the specifica-
tion mission rather than the mission profile of Reference (a).

Discussion

Failure Mode and Effect Analysis

The Failure Mode and Effect Analysis (FMEA) of the main pro-
pulsion subsystems will be incorporated in the FMEA for the
complete LEM system. Rather than a detailed FMEA for each
component, to be performed by the respective vendor, groups
of components that collectively perform intended functions
are being considered in this analysis. Failure is defined

Contract No. NAS 9-1100 REPORT T pR_550_6

Primary No. 760

DATE 1 August 196k
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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Failure Mode And Effect Analysis (continued)

as loss or degradation of the intended function of the com-
ponent group. The effect of failures noted in the subsystem
FMEA include the effect on the total LEM mission as well as
on the particular siowsystem. Preliminary results of this
effort will appear during the next period.

Ambient Versus Supercritical Helium Storage

A subsystem configuration change of main propulsion pressuri-
zation from ambient to supercritical helium storage has been
proposed to effect a weight saving for the IEM (Reference
(b)). Investigation of the effect on subsystem reliability
of the proposed configuration change was begun near the

close of the report period.

Barly results indicate an appreciable decrease in vehicle
separation weight and some degradation of subsystem reli-
ability. Further study of different configurations of equip-
ment may reveal ways of circumventing the failure modes of
the supercritical helium storage and so decrease the religbil-
ity degradation imposed. In any event, the possible weight

vez-dug 21692 apoi

4,1.5

L.1.5.1

3 o0 -~ | 1= £ 3 3 3
saving effected mekesfurther investigation mandatory

o
e A T

An account of investigation results will be published in the
next report period. .

Vendor Status

Ascent Engine - Bell Aero sy stems Company

The Bell Ascent Engine Program Plan (Reference (c)) includ-
ing the Reliability Plan submitted by Bell Aerosystems
Company, has not yet been approved by GAEC. Comments regard-
ing this document were sent to BAC listing the revisions re-
quired prior to acceptance (Reference (d)). The Program

Plar and Reliability Plan were also discussed in a meeting .
with BAC at GAEC on 13, 14 and 15 April 1964. (Reference (e))
The revised Program Plan (Reference (f)) has been received

at GAEC and is presently being reviewed for acceptance.

The preliminary Relisability Report (Reference (g)) has been
reviewed and found to be unacceptable. Comments regarding
thig report were prepared (Reference (h)) and discussed with

Contract No. NAS 9-1100 REPORT [ PR-550-6

Primary No. T60

DATE ] August 196L
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4.1.5.

1 Ascent Engine - Bell Aerosystems Company (continued)

BAC at the BAC/GAEC April meeting (Reference (e)).

The

report now being revised was expected to be submitted to
GAEC for review on 15 June 196L.

2 Descent Engine - Rocketdyne

The Rocketdyne Descent Engine Program Plan (Reference (j))
has been reviewed and is in the process of being formally

accepted by GAEC.

The Preliminary Reliability Report

(Reference (k)) has been accepted by GAEC per Reference (1).

3 Descent Engine -~ STL

The STL Descent Engine Program Plan (Reference (m)) and the
Preliminary Reliability Report (Reference {n)) have been
accepted by GAEC per References (p) and (q) respectively.

References
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LEM Miggion Success Paths for Propulsion Subsystems
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References (continued)
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Reaction Control Subsystem

Summary

The RCS configuration has changed since the last quarterly.
The changes that have been made are as follows:

&

b.

C.

The burst disc and filter have been eliminated in the
propellant lines

The main shut-off valves have been made normally closed

The crossfeed valves have been changed from squibs to
solenoids.

Efforts during this quarter were directed along the lines of
path studies, configuration studies, failure mode and effect
analysis, vendor liaison, and component evaluation. Table
4.2.1 is a summary of the estimated and apportioned relisbil-
ity sgoals.

ontract NAS 9-1100
Primary No. T60 pate L August 1964
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Major Efforts Anticipated in Next Quarter

During the next quarter the Function Failure Mode and
Effect Analysis will be continued. Measurements will be
studied in detail with a decision to either add or delete
specific measurements. A continuing effort in the updat-
ing of failure rates will continue. Vendor monitoring will
continue with increased emphasis in the component area.
Negotiations will continue on vendor proposals. The
Marquardt Corporation and the Bell Aerosystems Company will
be visited for Quarterly Program and Designh Reviews.

Discussion

Path Studies

The subject studies and related estimates have been pre-
pared in order to further define the RCS subsystem reli-
ability. Essentially this study includes:

1. An analysis of the modes of operation at the RCS,
2. A phase-by-phase breskdown of the mission with respect

21592 2poD

vez-dug

to the RCS. —
3. Ground rules for the RCS thrusters.

4. Generation of reliability models for the respective
phases,

5. Equipment reliability estimates for each mission phase
based upon failure rate data, duty cycle per phase and
environmental stress factors.

Religbilities have been calculated for each element in the
complete RCS for the ten separate mission phases in accord-
ance with reference (a).

The duty cycle for each thrust chamber assembly was com-
puted with duby cycle data provided by a single engine
operating a total of approximately 100 seconds. This
operating time is considerably less than the total operat-
ing life of 1000 seconds.

Reference (b) is a formal report detailing the ground rules
and estimates used in the path study.

Contract No. NAS 9-1100 REPORT TPR-550-6

Primary No. 760 DATE ] August 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION




PAGE k4.9

h.2.3.2

h.2.3.2.1

Configuratios SHudies

Helium Sguib Valves

In this case, reliabiliby compared two explosive actuated
valves with a single initiator in each versus a single
explecsive actuated valve with two (dual) initiators. The

" reliablility of the former is .999999 and the latter .999998.

From experience it has been found that exposive actuated
valves have a low probability of failure. Like all valves
the predominan® failure mcde is leakage in the closed posi-
tion cnce the valve has been operated (The leakage is across
the seat). If a valve is seated and has not leaked, fail-
ure is very unlik=ly until it is cycled. As can be seen
from this discussion, the valve and connections are highly
reliable and the primary area of concern is the squib.

As shown above, the single valve with dual initiators shows
a negligible decrease in reliability. However, weight trade-
off indicates a weight savings for this configuration.

At this time NASA-MSC has decided to go with the original

dcsigﬁ (tw@ -tvralv;es with Singl@ -in'ij:jg'i'nns) since it is &g

4.2.3.2.2

common usage item with NAA, on the Service Module.

Burst Disc, Filter and Main Shut-Off Valve

This analysis considered the possibility of eliminating the
burst disz and filter downstream of the propellant tanks and
keeping the main shut-off valve normally closed. The reli-
ability of *he proposed configuration is .999855 as opposed
to .999895 for the current configuration. The current con-
figuration is forty parts in a million higher in reliability
than the proposed ccnfiguration. The advantages of eliminat-
ing the burst disc and filter are: a reduction in weight

of 3.2 dry lbs, and a failure in the normally closed main
line shut-off valve will be detected sooner than in the
current configuration,

Based on the abcve, and the fact that the normally open TCA
igolaticn valves can be used as a backup in case of the main
S/O valve malfunction, Reliability recommended that the pro-
posed configuration be used. This has been agreed to by
GAEC Project and the change is in progress.

Contract No. NAS 9-1100 , LPR-550-6

Primary No. 760
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RCS Religbility Input to Revised PS/TCA Proposed Specification

Minor relisbility modifications have been incorporated into
the revised specification in the areas of numerical reli-
ability, safety and operational profile. A mission profile
for reliability estimates has been included in the specifi-
cation (see Section 3.2 ). A nominal mission duty cycle
for each thruster will be supplied at a later date. The
modifications are included in Reference c.

Vendor Status

Marquardt Corporation

As previously mentioned in this report propellant burst
disc and filter requirement has been deleted. The N/C main
line shut-off valve will be a common usage item along with
the ascent interconnect valve. Also, the crossfeed valves
are now solenoids and are common usage items with both the
ascent interconnect and main line 8/0 valve with GAEC
having primary responsibility.

+eod +h
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ranking for the S/M qual. engine design.

P

It is expected that GAEC reliability personnel will visit
TMC this quarter on quarterly program status, design
revisions and technical coordination meetings with associ-
ate vendors.

The revised program plan and reliability reports have not
been received. They are expected this coming quarter.

Bell Aerosystems Company

At the present time, NAA favors a single-ply bladder design
in place of the three-ply bladder. Bell had previously
showed in their service module tankage subsystem proposal

g failure rate of 13000 x 10-6 per expulsion cycle for
single-ply teflon bladder and speculated on a failure rate
of 100 x 10-6, per expulsion cycle for a three-ply teflon
bladder which would be acceptable. The figure of 13000 x
10-6 would completely dominate the reliability of the tank-
age subsystem while 100 x 10~° would not cause a change in
the analysis of the tankage subsystem (GAEC tank specifica-
tion)indicates that a failure rate of 500 x 10-° is accept-
able).

Contract No. NAS 9-1100 report LPR~550-6
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4h.2.5

L.2.6

Bell Aerosystems Company (continued)

Bell has concluded that the bladder contributes 99.93% of
the tank unreliability (see Reference (d)).

A problem Bell has been encountering 1s related to the
teflon material used in the bladders. Permeability
characteristics (above 26 psi vapor pressure) of the
teflon permits the NpOL vapor to penetrate the inner-ply
of the bladder. This causes gaseous "pockets" between the
two inner-plys thereby precluding lOO% expulsion of pro-
pellant.

The Program Plan is expected this coming quarter.

Vendor Proposal Evaluations and Negotiations

Table 4.2.2 is a listing of the status of lower tier RCS
vendors responsible to GAEC. As can be seen from the dates
no documentation has been received this quarter.

References

a. Memorandum (informal), Subsystem Reliability Estimation
dated 27 March 196k4.

b. LED-550-28, "RCS Reliability Ground Rules and Estimates
for Success Path Study" dated 25 May 196k.

c. IMO-550-281, "Reliability Input to Revised PS/TCA Pro-
posed Specification" dated 27 April 196k4.

d. Bell Letter 8:32:4:0608-1 TJC, "Model 8339 - LEM RCS
Tank Program" dated 8 June 196kL.
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VENDOR STATJS SUMMARY

Vendor Component Proposal Evaluation | Negotiations Status
(Technical Aspects
Only)
Electrada Corporation Helium Tank Completed 3/5/64 Completed 5/7/6k4

Airite Division

VACCC

APCO

Purolator
(On The Mark Division

Parker Aircraft
Company

Helium Filter

Quad Check Valve

Helium Disconnect
Couplings

Propellant Latch

Type Solenoid Valvesd

Completed 4/23/6L

Completed 6/1/6l

Completed 6/2/6k

Completed 3/18/64

To Be Negotiated
/5/64

Completed 6/26/64

Completed T7/2/6k

Completed 6/1k4/64

Giannini
Sargent/Fletcher
PELMEC

Parker Aircraft
Company

J. C. Carter

Contract NAS 9-1100
Primary No. 760

GRUMMAN AIRCRAFT ENGINEERING

Rocinl b A
LICHULA VUL .

(Helium Pressuriza-

tion - 2 Stage)

Propellant Quantity

Gaging System

Helium Liatch Type
Solenoid Valve

Explosive Squibs
(Helium)

Ascent Interconnect

Crossfeed Valves

Coupling - Fill
Drain and Service

fal e S T U ol e O et
compreteu 5717

Completed 5/5/64
Completed 6/3/6k
Completed 4/22/64
Completed 3/15/64

Completed 3/20/6k4

CORPORATION

Compieted As Of

7/8/64
Open -~ Not
Completed

Completed 6/2k/64
To Be Negotiated
7/13/6k4

Completed 5/10/6k

Completed 6/15/64

LPR-5
1 August 1964
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4.3 Electronic Packaging

Throughout this report period, the largest reliability effort
has been in the area of technical monitoring and assistance.
This has been accomplished through the mediums of:

1. Review of and comment on documentation, e.g., proposals,
packaging studies and reports.

2. Attendance at packaging presentations and technical
coordination meetings.
Other effort was expended in the following areas:

1. Further coordination with Francis Associates to make the
ERA test mocdel more representative.

2. Contributions to a test plan for the evaluation of the
split pin wire wrap connection and its associated coating
and the determination of the nunmber of permissible rewraps
before degradation of the connection.

3. Contributions to the formulation of a humidity test of
the split pin wire wrap connection.

4.3.1 Technical Monitoring And Assistance Areas

A number of equipment designs have advanced to the point where
considerable progress has occurred in packaging. This section
of the report will give noteworthy packaging information on

a specific equipment basis.

h.3.1.1 LEM Radars

A meeting was held at GAEC on 13 April 1964 to discuss Rgdar
Packaging Concepts (see Reference (a)). RCA presented a
configuration which shall hereafter be referred to as the
segmental design approach. Briefly, this design was composed
of modular sections held together with four long skewer bolts.
This was proffered by RCA in lieu of the approach in the

GAEC Electronic Packaging Specification, LSP-360-002. GAEC
pointed out several undesirable features of a segmented design
to RCA and requested RCA to study it more carefully. They
were also requested to make a thorough quantitative analysis
and directly compare the two designs.

Contract NAS 9-1100 LPR-550-6

Primary No. T60 1 August 1964
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. h.3.1.1 LEM Radars (continued)

On 4 June 1964 RCA made a LEM radar packaging presentation

to GAEC at Bethpage, New York (see Reference (b)). At this
time RCA presented the segmental approach in more detail.
Next, they went into a description of their proposed internal
electronic subassembly packaging design. This is a marked
deviation from the specified methods in LSP-360-002. RCA
referred to the method of assembly as a single web, center
plate cordwood design. The center plate was drilled to hold
the piece-parts which were mounted directly through the plate.
The plate was used to immobilize the parts and provide heat
sinking. A minimal circumferential conformal coat was applied
between plate and part. Component interconnections were
accomplished by printed circuit boards.

At this time the fcllowing main reliability objections were
presented to RCA.

A, Against The Segmental Design

1. TInherently during handling and assembly there are
occasions when this design can bow, thus, stressing
internal connections.

2. Chafing of the metal forces of segments could create

. EME problems
3. Vibration of the edges of the segmented flanges could

scar the cold plate dirupting efficient heat removal.

4. Thermal excursions could cause the skewers to yield
with a resultant chattering of the segments under
vibration. This could embarass connections and also
cause EML problems.

5. During assembly and maintenance actions the segments
can splay upon removal of the skewer compression.
To affect removal of a segment the segments on either
side must be spread. Both of these actions put stress
on the wire wrap connection. Undue exercising of the
EML gasketing also occurs.

6. The segmental design will not readily lend itself to
sealing if this becomes advisable.

Contract NAS 9-1100 LPR-550-6
Primary No. 760 17 August 1964
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L.3.1.1

k.3.1.1.1

IEM Radars (continued)

B. Against The Center Flate Cordwood Assembly

1. Parts held in the holes of a metal web are subject
to guillatining under thermal excursions if clearance
is restricted. It shouild be noted that efficient
heat removal requires a close fit. Oversize parts
would aggravate this situation.

2. This technique does not lend itself to inspection
for completeness of the ccating. (Incomplete coating
could result in thermal overstressing of the associated
part. )

3. 1If transistors are located inside the stack it might
be impossible to heat sink them during soldering

operations. e

4. The majority of heat generating components dump
their heat most readily through their leads. There-
fore, this design could be improved by adding encap-
sulant or wrapping foil around the component critical
bodies. , ) ,

5. This design compromises dense packaging. It should
be remembered that as component density increses
the web metal descreses. This means heat sinking
efficiency decreases., '

Other obJjectionable features in other engineering areas were
pointed out to RCA so that they were asked by GAEC to abandon
the segmental approach andadopt a continuous ocutside case
wall for the ERA. They were also requested to remove the
obJjectionable features of their subassembly design.

Landing Radar

In addition to the preceding shortcomings the landing radar
is not mounted on cold plate rails. Thus, 1t has an aggravated
thermal problem. It falls into the category of thermal pack-
aging for transient operation. As such, mass (thermal capa-
city) should be around critical heat generating components.
This is lacking in the present center plate cordwood sub-
assembly. Actually, this design should be adjusted so that
each component approaches its maximum operating temperature
simultaneously. In this way no single thermally overstressed
component would be a potential early failure which could pre-
maturely remove the landing radar from service.

Contract NAS 9-1100 LPR-550-6
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4.3.1.3

L.3.1.4

Carbon Dioxide Sensor

The Perkin-Elmer Corporation has submitted a proposal for
this unit (see Reference (c)). From the proposal, it appears
that they intend fto use solid conductor wire for intercon-
nections withouh encapsulation support. If possible, this
should be gvoided and alternate designs will be explored with
Perkin-Elmer during negctiations.

Control Coupler Assembly

A sizing estimate, dated 21 May l96h, was prepared on this unit
by Francis Associates. It was estimated the unit would con-
tain greater than 125 crystal can relays. Considerable relia-
bility exercises and monitoring will be required in the relay
area alone. Considerable digital circuitry will make up this
unit. It would appear that some weight, power and reliability
gains could be made by using integrated circuits for the logic
functions. Due to the probably high density packaging of the
logic, it 1s possible for heat to stagnate for these devices.
This should be accounted for in the design. Fan-in and fan-
out derating should be a consideration.

Communication

A packaging study has been prepared by RCA for the communi-
cation equipment (see Reference (d)).

The questionable reliability features of the RCA approach are
given in References (e) and (f). The most urgent items are
given below.

1. Use split pin wire wrap rather than separated pins. This
would avoid the use of solid conductor wire, reduce the
number of connections by one half and use a technique
evaluated by MSC.

2. The RCA method of pin block mounting creates "pockets,"
These can ccllect dust, debris and trap moisture. They
should be eliminated by flush mounting.

3. The wiring harness should have compliance loops for strain
and vibration relief.

L. RCA is suggesting the use of right angle coaxial connectors.
These should be avoided by alternate designs.

5. RCA indicates that the diplexers will be mounted to the
ERA case and not to the cold plate. They should investi-
gate ccld plate mounting in order to avoid a possible de-
tuning problem resulting from dimensional changes during
large thermal excursions.

Contract NAS 9-1100 LPR-550-6
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‘ L.3.1.4 Communication (continued)

6. In the referenced packaging study, RCA indicated a
necessity to test for multipacting. In recent coordi-
nation meetings they have not given any plans to obviate
the occurrence cf multipacting. They also have indicated
nc plans o do radicactive initiatory exploratory testing
for it.

T. RCA has not given any details for the packaging of the
electronic subassemblies.

4.3.2 Evaluation Of Split Pin Wire Wrap

On 3 June 1964 an engineering team from MSC visited GAEC for
the purpose of discussing MSC's test plan for evaluating
split pin wire wrap. In a working meeting the entire plan
was reviewed and comments from GAEC were favorably received
and incorporated into the plan at appropriate places.

This plan will rigorously test both split pin wire wrap
and the coating used in the test model.

The testing will be quite comprehensive. It should be noted,
in particular, that a dynamic delta resistance (electrical
‘ noise) check will be done following groups of specified
rewraps. The coating will be checked by humidity and leak-
age tests after environmental exposures. Groups of wire
wraps will be rewrapped in progressively higher quantities.
This will help determine the number of rewraps possible
before electrical degradation of the connection. Testing
is expécted to begin in October of 196k4.

4.3.3 High Humidity Testing

No ideal coating for the wire wrap has been located as yet.
A Grumman internal test is being conducted to determine
humidity effects on a sample of wire wrap (see Reference
(g)). This will be run without and with several coatings.

Contract NAS 9-1100 LPR-550-6
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L.k Guidance And Control
h.h.a Sumary

During this report period, the following reliability effort
has been expended in the Guidance and Control area. As
delineated in the last quarterly report the amalgamation,
of the Navigation and Guidance subsystem and the Stabiliza-
tion and Control subsystem has been continued because of
their close interdependence. Those areas which were
specifically investigated and the associated documentation
are outlined as follows: '

hoh.1.1 Primary Guidance and Navigation Section

a. Updating alternate path study for determination of
mission success for the guidance and control function,
IMO-550-319.

b. Review, comment and approval of following GAEC/MIT
ICD's:
. I11S-300-10001
. 118-300-10005
. L18-370-10006
. L18-540-10003
. TL1S-540-10004

c. Review of the technical documentation submitted by IBM
on the Triple Modular Redundant Computer.

d. Initiated Fallure Mode and Effect Analysis.
Review of LEM Top Specification, IMO-540-248
Review of following AC Spark Plug documentation:

Quarterly Reliability Progress Report, (Jan., Feb.,
Mar., 196.4)

.  Monthly Reliability Progress Report (Jan. 1964)
Monthly Reliability Progress Report (Feb. 196k4)
Monthly Reliability Progress Report (Apr. 196L4)

h.h.1.2 Rendezvous Radar and Landing Radar Section

a. Review of and comment on the following RCA/Ryan docu-
mentation:

IMR-(P)-3100-5, March Monthly Status Report
IMO-550-308 ' :

Contract No. NAS 9-1100 gepont  LPR-550-6

Primary No. 760 oate 1 August 1964
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h.h.1.2 Rendezvous Radar and Landing Radar Section (continued)

a. (continued)

IMR-(P)-3100-6, April Monthly Status Report,
IM3-55C~350

LQR-(P)-3100-1, March Quarterly Design Report,
ILMC-550-276

LESP-(B)-3600, LEM Specification for Landing Radar,
IMO-550-278

LTM-(B)~-3200-5, RCA Orbit Circularization Trade-Off
Studies, IMO-550-309.

Reliability Data List, dated 15 May 1964, IMO-550-329
Ryan Report No. 53969-3, Landing Radar Extended
Capability Study, dated 27 April 196kL.

b. Reliability comments to RCA letter LCC-ASD-(P)-3200,
5100-470, dated 14 May 1964. This letter pertains to
the Reliability Data List of Feb. 196h, IMO-550-312.

c. Participation in April Monthly Radar Technical Staff
Meeting No. 1, GAEC/RCA, IMM 372-11, LMO-372-182.

d. Participation in May Monthly Radar Technical Staff
Meeting No. 2, GAEC/RCA, IMM-372-18, IMO-372-182.

e. Participation in Reliability Meebting with RCA, June
16, 1964, to discuss Reliability Data Lists, Derating
Policy, Parts Service Temperature, Acceptable Parts
List and Failure Rates, IMM-180-229.

f. Initiated Failure Mode and Effect Analysis for the radar
section.

g. Reliability estimates of measurable functions on the
Radar's Flight Measurement IList.

h. Review and comment of Radar Subsystem test logic.

i. Radar interface circuit reliaﬁility evaluation,
IMO-550-303. :

j. Submitted inpubs and/or revisions to the following
specifications:

Microwave Switch used in the X-Band Transponder

Antenna Assembly, IMO-550-325 A
Indicator, Altitude and Range

Landing and Rendezvous Radar

Cross Point=r Meters.
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h.h.1.3 Abort Guidance Sezbicn

a.

Submitted inpus and/or revision to the Abort Programmer
Specification.

b. Participated in +the evaluation of the ARA proposals.
hoh,1.h Control Electronics Section
a. Completed configuration analysis of PNGS/SCS interface
IM0O-550-30k
b. Completed configuration analysis of AC/TC limit switch
IMC-550-31L4
c. Completed configuration analysis of different ATCA
medulators, IMO-550-272
d. Reviewed the GDA and ATCA program plans.
e. Completed Reliability documentation submittal mile-
stone charts for RGA and ATCA.
f. Completed the Reliability estimates of measurable
functions on SCS Flight Measurement IList.
g. Started Failure Mode and Effect Analysis.
h. Reviewed and commented on the SCS test logic
i. Determined the new SCS operating times using updated
mission profile which is predicated on NASA TWX
J. Review the following vendor proposals.
. Gimbal Drive Actuator
. Attitude and Translation Control Assembly
Attitude Indicator and GASTA
Thrust to Weight Ratio Indicator
. Cross Pointer Meters
k. Submitted inputs and/or revisions to the following
specifications:
Gimbal Drive Assembly, IMO-550-263
. Attitude Indicator and GASTA, LAV-550-L40
Attitude Controller
b k1.5 LEM Mission Programmer Section
a. Configuration analysis of implementing the test

function on unmanned LEM's, IMO-550-331

Contract N. NAS 9-1100 REPORT T, PR-550-6
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h.h.1.5

L. L.2

LEM Missicn Programmer Section (continued)

b. Reviewed vendor reliability data on programmed tape
reader assemblies.

¢. Provided reliasbility input to the NASA Mission Pro-
grammer presentation.

d. Submitted inpubs to the following specifications

. Decoder Assembly - equipment deleted
. DTimer Assembly ~ equipment deleted
Control Coupler Assembly
Program Reader Assembly

Major Effort Anticipated for Next Report Period

During the forthcoming quarterly report period, as the
final design concepts, of the electronic and electro-
mechanical assemblies associated with the various sections
of the Guidance and Control system, specifically the
Radars, Abort Guidance, Control Electronics and Mission
Programmer, become firmly established, it is anticipated
that considerable reliability participation will be re-
quired. This shall include as a minimum the following
tasks:

a. Evaluation of interim and final design configurations

b. Continue participation in the preparation and review
of Performance Specifications and Vendor Requirements
for those equipments which will be installed in all
of the LEM vehicles.

c. Review of proposals and participation in vendor nego-
tiations.

d. Liaison with vendors on the appropriate reliability
models for the equipment and updating of the reliasbil-
ity estimates as the mission profile, part population
and applicable failure rates become more clearly
defined.

e. Review of vendor documentation (viz. Program Plan,
Monthly Status Reports, Failure Mode and Effect Analysis
ete.)

f. Perform independent configuration and circuit analysis
when required.

g. The continuation of a failure mode and effect analysis
on those assemblies which have completed the initial
conceptual design phase.

Contract No. NAS 9-1100 report LPR-550-6

Primary No. T60
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h.h.2

h.Lh.3

Major Effort Anticipated for Next Report Period (continued)

In addition to the general reliability tasks indicated
above, the fecllowing specific areas of effort will be
accomplished:

a. Continued lisigson with MIT and RCA on the Mission
Success and Crew Safety Models for the PNGS and Radar
Sections, respectively.

b. Continued review of MIT, AC Spark Plug and RCA docu-
mentation.

c¢. Continued review of MIT/GAEC Interface Control Docu-
ments.

d. Continue liaison with RCA on applicable failure rates
for their equipment.

e. Assist in the development of the LEM Mission Programmer
LAV-250-130

f. Provide reliability input to Control Coupler Assembly
(CCA) proposal and perform reliability tasks delineated
in CCA Vendor Requirements.

g. Continue the reliability evaluation of IBM's TMR
Computer.

Discussion

In support of the respective subsystem groups, which are
included in the Guidance and Control area (Guidance and
Navigation Subsystem, Stabilization and Control Subsystem,
Flight Controls Subsystem), there has been a considerable
amount of circuit and configuration analysis, proposal
evaluation and documentation reviews during this past
quarter. The following paragraphs will briefly discuss

the areas which are outlined in Sections 4.4.1.1 through
hoh.1.5.

The alternate paths, for the determination of mission
success for the over-all system gulidance and control
function, was revised in LMO-550-319 while a preliminary
estimate of the feasibility factor for each path was also
included. This study will be continually updated as re-
quired and new information becomes available concerning
the Guidance and Control area.

Contract No. NAS 9-1100 REPORT  TPR.550-6
Primary No. T60
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Discussion (=cntinued)

The GAEC/MIT Interface Contrcl Documents were reviewed and
commented upcn, to ingure the compatibility of the subject
documents with thes performance and reliability goals of
the LEM vehicle.

A review and reliability evaluation of IBM's Triple
Modular Redundant Computer was irnitiated in this quarter
and will continue into the next quarter. A trip was
made to IBM Federal Systems Division, to discuss the
mechanization, packaging, operation and parts population
of the ™R for possible zongideration on the LEM program.

The Failure Mode and Effect Analysis has been initiated
on all equipments which have completad initial design in
the Guidance and Control area. The FMEA will highlight
design and operational weaknesses, inherent in the partic-
ular equipment design, and will provide an improved under-
standing, of the equipments mechanization and operation.

Those parameters in the G and C subsystems which are
presently considered for monitoring purposes either by
GOSS or by the astronaut were reviewed and ranked for
criticality as reflected with due consideration to mission
success and crew safety. The reliability of the discrete
functions were also provided, to determine if a particular
function must be necessarily monitored or is reliable
enough so that the measurement of that particular function
can be eliminated, without compromising the vehicle reli-
ability goals.

The test logic for the complete Guldance and Navigation,
Stabilization and Control subsystems were reviewed and
pertinent comments were submitted to the Reliability
Assurance Group. In particular, the test profiles were
scrubinized for end to end testing and logical order of
test performance. ‘

A configuration analysis (IM0O-550-303) considering three
alternate radar interface circuits, was completed. The
computations indicate the reliability, of these circuits
are almost equal and the decision ag to which one should
be employed, should be based on performance considerations.

A comparison of two alternate configurations of PNGS/SCS
interface (IMO-550-304) were analyzed: one utilizing a
102.4Kpps signal, the other utilizing a DC signal. The
results show, that the 102.L4Kpps signal interface failure
rate 1s 5 times the DC signal interface failure rate.
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Discussion (continued)

A study was performed (IMO-550-31L4) to determine the pre-
ferred configuraticn of limit switches for the Attitude

and Thrust Controllers. The study investigated several
zonfiguraticns and recommended the use of micro switches

in conjunction with transistor gates because of reliability
considerations and the associatbted low power drain.

Several different ATCA modulator configurations (IMO-550-272)
were investigated to determine which is more reliable.

Of the modulators analyzed, only the "On-Off" type improves
reliability but degrades the vehicle performance through
increased fuel expenditure.

Considerable effort was expended during this quarter, on
the LEM Mission Programmer. A study (IMO-550-331), com-
varing two methods of performing the test program function
on the unmanned LEM's was completed. The results showed,
that employing a tape reader as a backup, did increase

the reliability but no indicaftion can be given if this
increase 1s necessary, since overall vehicle mission success
goals have not been established for the unmanned LEMs.

Tape reader reliability data from Tally, Fairchild, and
Honeywell was reviewed since a tape reader is being con-
sidered for the unmanned LEMs. Reliability inputs were

also generated for a presentation to NASA on the function,
test requirements and hardware for the LEM Mission Programmer.

The performance specifications, for all G&C equipment were
updated, to reflect the latest mission profiles for reli-
ability estimates and to change those reliability apportion-
ment where necessary Reliability inputs were also provided
for new performance specifications.

A major portion, of the effort in the Guidance and Control
section, was devoted to reviewing vendor documentation

and proposals, vendor contract negotiations, completing
equipment milestone charts and participation in relisgbil-
ity meetings with various subcontractors. All avallable
reliability comments, to these tasks, are found in the
GAEC memos delineated above.

Vendor Status

At the end of this report period, the equipments that are
under contract for the Guidance and Control Subsystem are:

a. Rendezvous Radar/Transponder and Landing Radar ~ RCA
Burlington, Massachusetts
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L.ohh Vendor Status (-ontinued)

b. Rate Gyro Assemtly, Gezeral Precisicn Insbrument, Kearfott
Division, Little Falls, New Jersey.

c. Athitude and Translabtion Contrcl Assembly, RCA, Burlington,
Massachus=tts.

d. Thrust %o Weight Ratic Iadicabor, Bendix, Piloneer-Central
Division.

e. Gimbal Drive Actuator, Garrett, Los Angeles, California.

h.5 Communications Subsystem

During this report pericd, the communication reliability
effort has been extended into monitoring, ccordination and
direction of the vendor effort. In addition, effort has con-
tinued in the Grumman inhouse antenna and transmission system
area.

k.5.1 Vendor Status

h.5.1.1 Documentation Review Effort

In this period considerable effort was expended reviewing RCA
documentation regarding the design and negotiations for the
communications systenm.

Those documents which were reviewed and the associated comment
documents along with a summary or philosophy where noteworthy,
follow:

a. LESP-(P)-4130A, LEM Equipment Spe-ification, Specific Re-
quirements for S-Band Transceiver Subassembly, 6 May 1964
RCA. Amendment #1 to LESP-(P)-41304, 8 May 1964, RCA.
Exceptions and understandings to LESP-(P)-4130A as amended,
and Documents referenced therein, 7 May 1964, RCA. Comments
are in IAV-381-18, E. Griffin and N. Darch, 4 June 196k,
GAEC.

b. LESP-(P)-41L40, LEM Equipment Specification, Specific Re-
quirements for S-Band Power Amplifier Subassembly, 30
March 1964, RCA. Comments were made in Reliability comments
to LESP—(PS-thO, R. Komuves and J. Arleth, 1 May 196k,
GAEC. Comments mainly clarified the specification by adding
gualifying statements to specific paragraphs. Some addition-
al paragraphs of GAEC LSP-380-2 were included.

c. LESP-(P)-4300A, LEM Eguipment Specification, Specific Re-
gquirements for Premodulation Processor and Audio Center
Subassembly, 1 May 1964, RCA. Amendment #1 to LESP-(P)-
L300A, 1 May 1964, RCA. Excepticns and understandings to
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4.5.1.1 Documentation Review Effort (continued)

c. (continued)

LESP-(P)-L4300A as smended, and Documents referenced there-
in, 1 May 1964, RCA. Comments are in LAV-381-15, B. Griffin
and N. Darch, 28 May 1964, GAEC.

In general RCA was requested to submit a complete sumary
indicating where their specification differs from GAEC
LSP-380-2 including amendments 1,2 and 3 thereto. They
were also requested to submit backup data for all values
not in ISP-380-2.

d. LESP-(P)-4600A, IEM Equipment Specification, General Re-
quirements for Equipments, 30 March 1964, RCA. Amendment
#1 to LESP-(P)-L6004, 1 May 1964, RCA. Exceptions and
understandings to LESP-(P)-L600A as amended, and Docu-
ments referenced therein, 1 May 1964, RCA (for Raytheon)
Exceptions and understandings to LESP-(P)-4600A as amended
and Documents referenced therein, 8 May 1964, RCA (for
Motorola). Comments are in LAV-381-15, E. Griffin and
N. Darch, 28 May 1964, GAEC and in LIR-1T70-64k Enclosure
(1) 15 May 196L, GAEC.

. GAEC took exception to RCA's philosophy that weight, in

genersl Ltook precedence over maintainability and that
locking devices could be omitted by such practices as
bending in pins or sheet metal brackets, and substituting
for the requirements of MSFC-PROC-158B.

e. LMR-(P)—thO-E, April Monthly Status Report, RCA. Comments
are in IMO-550-315, J. Arleth, 1 June 1964, GAEC. 1In
brief, GAEC requested a review of the reliability block
diagrams and trade-off methodology being used in RCA's
configuration analysis.

f. LMR—(P)-thO-3, May Monthly Status Report, RCA. Comments
are in LAV-381-28, E. Griffin and N. Darch, 1 July 1964,
GAEC. Reliability data lists, reliability assurance
analysis, maintainabllity analysis and thermal design
analysis as they affect reliability are being omitted from
the monthly reports. Timely reply was requested to cover
these areas.

g. LPD-(P)-4130, LEM Procurement Document S-Band Transceiver
Subassembly, 18 March 1964, RCA. Amendment #1 to LPD-(P)-
4130, 8 May 1964, RCA. Exceptions and understandings
to LPD-(P)-4130 as amended, and Documents referenced there-
in, T May 1964, RCA. Comments are in LAV-550-43, D. Smith
26 May 1964, GAEC. GAEC pointed out that all failures
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4.5.1.1 Documentation Review Effort (continued)

g. (continued)

must be reported and data must be supplied to justify
qualification status. It is RCA's responsibility to en-
force GAEC requirements and to deny general waivers
which have not been approved by LEM Reliability.

h. Program Planning Document for LEM Communications, 3 April
196h. RCA. Comments are in IMO-550-290, J. Arleth and
R. Komuves, 1 May 1964. Main reasons for rejecting the
program plan are:

1. Insufficient hardware orientation.

2. RCA's interpretation of the reliability portion of the
documentation requirements requires clarification.

3. Ambiguities and crossover in the scheduling of reli-
ability tasks.

A new program plan was promised in 60 days. However,
negotiations have delayed RCA. They have requested some
additional time before re-submittal of their program plan.

i. Packaging Study Communications Subsystem, 11 May 1964, RCA.
Comments are in LMO-550-322, J. Arleth, 9 June 1964, GAEC.
‘ Main reasons for rejecting were:

1. RCA's plan to use wire wrap layout with solid jumper
interface instead of split pin wire wrap.

2. Pin block mounting pockets can collect dust and mois-
ture.

3. Possible degradation efforts resulting from disregard
of VHF Diplexer Cold Plate mounting specifications.

h. TLack of moisture control plans and reliability trade-
off studies.

L.5.1.2 Vendor Meetings at GAEC

Four meetings of paramount interest to reliability occurred
during this period.

a. Reliability and Maintainability Requirements meeting on
12 May 196L. The purpose of the meeting on 12 May 1964
was to acquaint RCA with the GAEC philosophy pertaining
to the reliability goals as related to the mission profile
and the modes of operation of the communication system.
Complete detalls appear in the Minutes of the GAEC/RCA
meeting concerning LEM Communications Subsystem Maintain-
ability and Reliability Requirements. These are attached
to the cover memo, IMO-550-323, J. Arleth, and L. McCoy,
10 June 1964, GAEC.
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4.5.1.2 Vendor Meetings at GAEC (continued)

b. Reliability Models and Mission Profiles meeting held on
22 May 196L4. This was an informal working meeting where-
in RCA was briefed on the presently conceived communica-
tion migsion profile and its reliability aspects. Means
of increasing reliability by modal operation and possible
reduction in duty cycle were discussed. In the event of
modal failures the most acceptable lower modes of opera-
tion were examined.

c. Reliability meeting of June 16, 1964, three items of
particular reliability interest discussed at this meeting
were:

1. An understanding of the GAEC part surface temperature
philosophy and its implementation,

2. The substantiation of reliability data, and

3. Derating.

The topic of derating was discussed extensively and RCA
presented their policy. GAEC agreed to review it and
give comments with possible alternates.

Details of this meeting can be reviewed in IMM-180-229,
16 June 1964, GAEC.

4.5.1.3 VHF Transceiver Status

Breadboarding of many circuits and integration of some stages
of the VHF set has been accomplished. Conceptual design has
progressed to the stage of preliminary schematics. These
have been shown to GAEC engineering by liaison engineers.
These schematics show that RCA presently intends to design
most of their high-frequency generation chains sbout transis-
torized harmonic generators. This approach will save weight
since no idler circultry is required. However, the use of
proven transistors, careful derating and transient protection
must now be assured in these circults so as to obtain reliable
operation.

The transmitter final output stage at present is shown to be
three 2N3375 power transistors in parallel. This approach
will also conserve power and weight compared to a varactor
output. As forecast in earlier reports solid state approaches
will cause the use of a number of state of the art components.
The 2N3375 was just recently given its JEDEC number so it can
not as yet rank with other proven transistors. Reliability
will monitor these devices carefully and attempts will be made
to see if a degradation detection technique could be incorpor-
ated into GSE checkout.

Contract No. NAS 9-1100 LPR-550-6
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4.5.1.3  VHF Transceiver Status (continued)

Reliability will examine the transient exposures of these
transistors during design and watch the thermal and design
application margins. It will further insist upon both
stregs derablng and observance of the thermal maximum for
part surfaces.

Lh.5.2 Vendor Negotiations

Negotiations were held with the Rantec Corporation on the
11th and 12th of May 1964 for the VHF diplexer.

Rantec was questioned about possible detuning of the diplexer
resulting from dimensional instability under thermal traverses.
Their ccomment was that provided the diplexer received proper
cold plate mounting there should be no problem. The writer
requested the GAEC/RCA thermal and packaging engineers to
follow this degradation aspect closely. Part feed throughs,
plating and multipacting were also discussed with Rantec.

4.5.3 Antenna Status

4.,5.3.1 The S-Band Erectable Antenna

On April 7, 1964, RCA demonstrated an erection of their full
scale model erectable antenna (see reference (a)). As present-
1y conceived their one shot spring design will open quite
violently on the lumar surface (N.B. no air resistance and
1/6 g). This could cause human factors problems unless con-
trellable restraint is placed on the spring action. Also, the
antenna erecting mechanism, particularly the leaf springs,
will require advanced QA techniques in order to avoid field
reliability prcblems. These would be invoked during both
development and fabrication in order to discover incipient
mechanical weaknesses.

On 10 July 1964, a conceptual design review of this antenna
was held at RCA, Moorestown, New Jersey (see reference (b)).

To this date RCA still had made no human factors analyses nor
had there been any effort made to determine astronaut mobility.
The existence of a possible initial and degradation problem

in the maintenance of reflector surface tolerance was dis-
cussed. Parts data, reliability and thermal analyses were

not presented by RCA.

. Although lacking this type of data RCA was granted the approval
to build an experimental model by 15 September 196L. As
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=

.5.3.1 The S-Band Erectable Antennsa (continued)

compensation for the inadequate data they were requested to
bulld a model which simulated the deployment features of the
final antenna rather than just electrical features.

4.5,3.2 S-Band Steerable Antenna

Proposals on the S-Band Antenna for subcontract to RCA were
received from three of RCA's proposed subcontractors:
(a) Dalmo Victor, (b) Avien and (c) Emerson.

These proposals were reviewed and evaluated by GAEC and RCA}
Dalmo Vietor was jointly selected on the basis of simplicity,
reliability approach, design, planning and facilities.

The Dalmo Victor design proposal (see reference (c¢)) indicates
a simple 26 inch parabaloid (dish) type antenna with crossed
dipole disk feed which is more reliable than a complex array.
The Earth detector consists of a Barnes infra red sensor
mounted on the antenna reflector. Barnes is designing the
IR sensor for the command module. The similarities of the
LEM and CM sensors gives Barnes some prior conceptual reli-
‘ ability experience. However, an acute dissimilarity under

study is the thermal aspect of lunar soak. Other Earth de-
tectors were briefly considered during the proposal review
but were discarded because of complexity.

The proposed antenna and its gimbaling are balanced by counter-
weights. It has limited rotation with stops at the designated
end of travel. If LEM is so positioned that Earth is out of
the range of antenna travel, then the antenna will hit the
stops. This will put unnecessary strain on the antenna's
structural supports and servo system. Possible solutions to
this reliability problem are:’

1. Decrease antenna dish mass by using a honeycomb type con-
struction

2. Use center of gravity balancing of the antenna dish and
gimbaling to eliminate counterweight necessity.

3. Usa a crank arm type of reciprocating action which allevi-
ates the need of stops.

Items 1 and 2 are questionable due to thermal consideration
(Reaction Control plume)and doubtful weight savings but both
will receive some further study. Item 3 will be presented
to RCA and Dalmo Victor for their consideration.

Contract No. NAS 9-1100 LPR-550-6
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4.5.3.3 VHF and S5-Band Omni and VHF Lunar Stay Antennas

To safeguard against the vibration stresses mentioned in the
previous report a rigildizing and supporting structure aboub
the VHF omnl antenna is under design consideration. Should
this seem ingufficient then a radome may be considered.

Exploratory testing of all the subject antennas for the
occurrence of multipacting is desirable. However, the opera-
tional testing of these large antenna structures in ultra
high vacuums has developed into both a facilities and an
absorblc materials search problem (see reference (d)). If a
satisfactory solution is not found then a multipacting search
in a bell jar should be run on all connectors, filters and
matching networks associated with these antennas. Searching
should be done rumning full RFP power through these devices
and using irmSiastory radioactive technigues.

L5k S-Band Power Amplifier Status

h.5.4.1 Design Review of Amplifier

. On June 25, 196k a design review was held at the Space and
Information Systems Division of the Raytheon Company. Minutes
of the review appear in Raytheon's memo PA-20 of July 2, 196k,

Some of the prominent reliability action items discussed at
the review follow.

1. Determine those performance monitoring features which
should indicate amplitron degradation.

2. Determine which performance monitoring festures could
be attributable to malfunctions of both the amplifier and
the external transmission system.

3. Ixamine amplitron tube removal to determine whether other
modules are disturbed.

4., Examine the skin temperature of the 25W circulator dummy
load when rated power is delivered at a 2 to 1 VSWR.

5. Study the fallure modes of the proposed circulators and
searchout their failure rates.

6. Validate or determine a failure rate for the amplitron
tube and in the process search for its failure modes.

h.5.4,2  Amplitron Status
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4.5.%4,2.1 Intermittent Shorting Problem

The previous report discussed an intermittent shorting problem
within the amplitron during testing at JPL. This problem

was discussed with RCA reliability engineering during technical
coordination meetings. RCA disclosed that Raytheon stated
that a cathode seal fallure was setting up conditions ideal

for arcing. This was traced to inadequacies in the brazing
bath procegs. This is a quality control problem which will
definitely affect reliability and Raytheon is studying the
process controls.

An allied problem 1s accurate centering of the cathode and/or
sharp prominences and whigkering on the cathode. Careful
tooling and burn off of such possible projections from the
cathode surface were the solutions advanced by the tube design
engineers.

4.,5.4,2.2 Amplitron Life Testing

The lack of at least lower bound life test data appears to
have been answered. In recent discussion with RCA engineers
the writer has been informed of a Raytheon test plan which

. includes life testing of five tubes as well as stringent

environmental and step stress testing on five others. This
testing was to be negotiated into specifications. Documentary
verification did not arrive in time for this writing. More

details and documentation will be given in the following
report.

k.5.5 Multipacting and Corona

l‘

Contract No. NAS 9-1100 LPR-550-6

This RF breakdown phenomenon is still under!investigation
since its occurrence can cause RF power losses from 50% to 90%
(see reference (e)). Preventive measures are being taken

by advising designers:

To minimize the use of microwave components having voids
since these provide free electron paths.

To eliminate gaps and voids with dielectric f£illing if
performance permits.

To procure pressurized microwave cavities where possible.

To keep alternate pressurized packaging designs in mind
if multipacting develops downstream in the program.

Much difficulty is encountered in predicting this type of RF
breakdown so that both specific components and systems must
‘ be congidered as prospects. The empirical nature of the
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h.5.5 Multipacting and Corona (continued)

the breakdown phenomenon requires that an exploratory testing
program be initiated to search out all the possible components
which could undergo multipacting. Searching may require a
long period of time before breakdown hence, initiation tech-
nigques such as testing in the presence of radioactive isotopes
are desirable (see reference (f)). Technical coordination with
RCA is transpiring in order to define the possible problem
areas.

L.5.6 Projected Effort

1. Continue work on a fallure effects analysis now in progress.
2. Continue vendor documentation reviews.

3. Render technical assisbance to the vendor by monitoring
his efforts and maintaining technical coordination.

4, Study design review packages and attend scheduled design
reviews.

5. Perform communicatlon rellability system studies as the
occaslion arises.

h,5.7 Reference List

a. Arleth, J., RCA Erectable Antenna Conceptual Design,
LAV-550-36, GAEC, April 8, 196k.

b. Alber, J., LEM Erectable Antenna Concept Design Review
Meeting at RCA, Moorestown, New Jersey, LMO-380-2H5, GAEC
13 July 196k,

c. Technical Proposal for Lunar S-Band Steerable Antenna

Assembly, R—2950-3h29, Dalmo-Victor, Belmont, California,
May 12, 196.4.

d. Dudgeon, D., Grumman Inhouse Antenna Development Test

Plans and Test Program Scheduling, LAV-380-86, GAEC, 15
May 196k,

e. Space Programs Summary No. 37-21, Volume 1, Jet Propulsion
Laboratory, California Institute of Technology, Pasadena,
California, May 31, 1963.

f. Breeden, T. D., Preliminary Report on Cobalt 60 High Power
Tests, Internal Memo, Astro-Electronics Division, Radio
Corporation of America, Heightstown, New Jersey, July 2,
1963.
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4.6 Environmental Control Subsystem
4h.6.1 Summary

The following were the major areas of effort during the last
report period:

a. Water Management Configuration Study (LED-550-27)

This study compared the existing water management with
a proposed system. The study concluded that there was
a reliability increase utilizing the proposed concept.
This system will also save weight.

b. Success Path Study of the Related Functions of the EPS
and ECS (LED-550-30)

This study showed the available alternate equipment paths
resulting from failures of the equipment in the power
generation section of the EPS and the oxygen section of
the ECS.

c. Study of Space Radiator versus Water Boiler Cooling
(LMO-540-336)

This study shows that an increase in reliability can be
achieved and a potential weight saving effected with
the space radiator concept.

L. 6.2 Discussion

L.6.2.1 LEM Space Radiator Study

A space radiator/water boiler configuration versus a water
evaporative thermal rejection system study is being conducted
to determine the potential weight savings, reliability and
over-all system effects.

LMO-540-336 is the report on this subject. This report
indicates that there is a potential weight saving, and in-
crease in reliability with the use of the space radiator
configuration. The report recommends that a more detailed
study be made to assess the value of an "all out" integrated
system approach.
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L.6.2.2 Path Study - Integrated EPS And ECS Common Equipment Paths

In order to achieve a functional path study for the LEM
vehicle it became necessary to integrate the function of
the Power Generating Section of the Electrical Power Sub-
system and the Oxygen Section of Environmental Control
Subsystem.

LED-550-30, "Mission Success Path Study of the Related
Functions of the Electrical Power and Environmental Control
Subsystem", provides the above information. This study
takes into account the present grounds which will be used
to determine the mission success and crew safety probabili-
ties of this function.

k. 6.2.3 Water Management Configuration Study

To provide the reliability support for the configuration
change in the schematic drawing (LDW-330-6.000) for the

ECS system, LED-550-27, "Environmental Control Subsystem
Water Management Configuration Study", was provided. This
study showed that the proposed concept characterized by a
modular design, wherever the functions of water management
are contained within one housing, increases reliability.
The weight saving (in ascent) is effected by staging two of
the three water tanks in the proposed concept, compared to
the single-unstaged tank in the old concept.

4.6.3 Vendor Status

4.6.3.1 CO2 Sensor Procurement

Pre-contract negotiations are presently underway with the
Perkin-Elmer Corporation to determine if the Perkin-Elmer
relisbility plan has met the objectives of this LEM crew
safety item.

Where reliability considerations were not adequate they are
being changed to meet LEM reliability requirements.
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h.6.3.2

L.6.3.3

h.6.3.4

Brushless DC Motor

Procurement of brushless DC montor's by Hamilton Standard
is underway.

The basic objection to their use will be overcome if a

"reliability test program" is successful in ascertaining:
distribution of failure with time

2. mode or modes of failure

3. wverification that the motor is capable of performing

under LEM environments.

LMO-550-196, "Proposed Relisbility Test Program, Brushless
DC Motor", is now being evaluated by NASA/MSC. Timely
approval of go-ahead by NASA/MBC will allow this test pro-
gram to be concurrent with ECS equipment build-up.

PLSS As A Back-Up For ECS

As a result of a coordination meeting with H.S.D. (reference
H.S.D, LMM-1150-16) GAEC reliability requested H.S.D. to
advise GAEC of the possible areas needing further study in
order to consider the PLSS as a back-up for LEM/ECS.

H.S.D, presented the areas requiring study in their memo-
randum LVM-1150-0319. Summarizing their letter, the follow-
ing area of study must be accomplished:

1. component life of PLSS items for extended LEM missions

2. method of replacement of LIOH cartridges in the PLSS
(e.g., "Buddy System")

3. manner of conversion of LEM electrical supply (H.S.D.
intends to use 17.5 volts for its PLSS)

These problems must be resolved and require further analyses
bty H.S.D..

Subcontractor Failure Mode And Effect Analyses

During the period the vendor failure mode and effect analysis
work has materialized and there are about 40 preliminary and
11 detailed analyses submitted out of the approximated TO
items required.

Contract NAS 9-1100 LPR-550-6
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4.6.3.5

b7

Lo7.1

L.r.2

h.7.3

Contract NAS 9-1100

Reliability Coordination

In order to integrate the reliability calculations between
H.S5.D. and GAEC coordination meetings were held. The
following memorandums were prepared: LMO-550-333, "Report
On Trip To H.S.D.", and IMO-550-334%, "Minutes On Meeting
11 June 1964 - Between H.S.D. and GAEC Reliability." This
provided a common basis between H.S.D. and GAEC for cal-
culating ECS reliability. The GAEC specification for the
ECS was also changed to specify the exact mission times for
calculating religbility (see Section 3.)

Electrical Power Subsystem (EPS)

Summary

The major area of concentratlon during this report period

has been in the power distribution area where a single
General Purpose Inverter and a redundant inverter config-
uration were explored in great depth. This effort culminated
in the July 2 presentation to NASA via conference call.
Another area of activity was in sizing of an auxiliary bat-
tery for the three (3) fuel cell configuration.

Mg jor Effort Anticipated In Next Quarter

1. Evaluate proposals and select vendors for:
a. cryogenic relief valves
b. reactant feed solenoid valves

c. electrical connectors.

2. Continue effort on the fallure mode and effect analysis.

Power Generation Subsystem

During this report period an initial study to generate the
success paths uniting the concomitant functions of the ECS
and the power generation section of the EPS has been com-
pleted. The general plan of this study began with an exam-
ination of the currently assumed mission objectives and
the ground rules utilized to determine whether to continue
or to abort the mission for various failure conditions.

The complete study can be found in LED-550-30.

LPR-550-
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h.7.3 Power Generation Subsystem (continued)

An investigation into the weight penalty necessary to affect
a significant gain in reliability by providing for micro-
meteoroid shielding of the LEM system, and pressure vessels
in particular was a major item of concern during this report
period. LED-550-29 gives specific recommendations for
marked reliability improvement of the supercritical reactant
storage tanks by providing a minimum of micro-meteoroid
shielding.

h.7.3.1 Fuel Cells
Pratt and Whitney Aircraft's Reliagbility Program Plan, PWA-
2h06, Revision B, dated 19 March 1964, was approved on 22
April 1964 as per LTX-1T70-816.
PWA submitted a revised failure mode and effect analysis and

reliability data list as part of the May 1964 Monthly Progress
Report, PWA-2L29, Volume II, dated 10 May 196L.

Lh.7.3.2 Cryogenic Reactant Tanks

Garrett-Airesearch is now under contract and their Program
Plan, SS-3090, dated 7 May 1964, was received 26 May 196k,
The Program Plan, in general, covers the reliability require-
ments and may be considered acceptable with the resolution
of the items enumerated in IMO-550-326, dated 15 June 196k,

h.7.3.3 Battery

The battery requirements for the LEM mission are in the
progress of being finalized.

hoT.h Electrical Distribution System

LED-550-26, dated 30 March 1964, presents the back-up reli-
ability information for the LEM inverter finalization study
presented to NASA on 29 January 1964, Additional information
(paths including navigation and guidance function) was trans-
mitted at the 2 July 1964 NASA presentation.
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h,7.h.1 Inverter

The inverter procurement is pending final approval on the
inverter configuration.

hor.h.2 Portable Life Support System Battery Charger

Due to the change in the PLSS battery, a new specification
is in the process of being drawn up.
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‘ 4.8
4.8.1
o
4.8.2

Instrumentations Subsystem

Summary

Detailed information about the Scientific Instrumentation
Section is still in the development stage and is therefore,
not available.

A great part of the Operational Instrumentation Section
equipment are in the stage of Specifications and Vendor
Requirement preparation, except the PCMIEA which is sub-
contracted to Radiation, Inc. The GAEC Reliagbility analy-
sis and estimates for the PCMTEA were reviewed and modified
to reflect the effect of updated Failure Rate information
replacing engineering best estimate information. These are
stated in reference (a).

All other equipments have either completed Specifications
or near completion, i.e., C&WEA and SEA, SCEA respectively.
Areas presenting problems are:

a. Field Effect Transistors, Pulse transformers, diodes for
having doubtful reliability data and wire wound resis-
tors whose resgistance can vary with time.

b. Overall estimated PCM reliability is below that required
by the specifications.

c. Lack of documented failure rates for the parts used in
PCMTEA.

d. ©SEA, SCEA high reliability requirements imposed by the
design.

e. Deficiency of fallure rate documentation on integrated
networks used in TE design.

Major Efforts Anticipated for Next Quarter

a. Review of past apportiomment results for SEA and SCEA
and prepare the reliability input to specificatiomns.

b. Study of PCMIEA weak links and suggest modifications
for the overall reliability improvement.

c. Search for and study interface problems of PCMITEA, dis-
plays and C&WEA and make recommendations for reliability
improvement.

Contract No. NAS 9-1100 LPR-550-6

Primary No. 760 ;
GRUMMAN AIRCRAFT ENGINEERING CORPORATION pate L Aug. 1964




PAGE L. L2

4.8.2 Major Efforts Anticipated for Next Quarter (ccnbinued)

d. Review failure rate lists and update all estimates of
reference (a).

Update Specificaticong and Vendor Reyulrements.

f. Continue Failure Mode and Effect Anslysis fcr Cpera-
tional Instrumentaticn and Displays & Coanbrols.

4.8.3 Discussion

Presently the estimates which appear in reference (a) show
that the reliability goal of the PCM has not been met. It
is the interest of these Reliability efforts to point out
the weak links of the design and carry o=t configuraticn
studies on possible design modifications, which will have
an overall reliasbility improvement.

An attempt was made to use redundancy in the High Speed
Gates, Programmer, Digital Multiplexer, Analog and Digital
Gate Drivers of the PCM in order to determine the improve-
ment in religbility. The results were discouraging. The

povwer dissipation and weight increased considerably, and
. the reliability estimate improvement was negligible. How-
ever, efforts will continue in the area of failure rate
selection and in the study of design redundancy within sub-
assembly level.

L.8.4 Vendor Status

The design progresses with slight difficulties duze to with-
holding of parts approval for lack of data and 5w« intro-
duction of design changes, such as the changing of the AC-
DC power supply to DC-DC power supply in the PCM. Most of
the parts specifications and Reliability Data Lists have
been submitted by the Vendor. The review of these docu-
ments was completed and comments submitted.

Radiation, Inc., the PCM/TEA vendor has in gereral adhered
to the Reliability Program.

No effort was made either in design configurations nor in
failure rate selection to show their approach to reliability
improvement of the PCMTEA.

LPR-
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4.8.5

k.9

h.9.1

PAGE L4 L3

Vendor Status (continued)

The Vendor did not respond to GAEC comments made on the
relisgbility data lists and the progress reports.

It has been ascertained that the Vendor is willing to con-
form to the Reliability Program Plan agreed to and that the
GAEC exception stated above will be satisfied in the near
future.

Reference: (a) LED-550-16 "Reliability Analysis of Instru-
mentations Subsystem".

Displays & Controls

Specification and Vendor Requirements have been prepared
for the Electronic Clock and the Event Timer.

Proposals submitted by Bulova and Gibbs were reviewed and
evaluated, Bulova was selected as a vendor for the items
mentioned above.

Vendor negotiations were attended, as reflected in references
(a) and (b), among the items followed up in the Displays
and Controls S/S activities.

Specifications and Vendor Requirements for the "C&WEA Dis-
plays" are in preparation.

References: (a) IM0-550-265 "Proposal Clarification Request"

(b) LAV-350-37 "Bulova Watch Co. AVO.  dated
15 June 1964"

Structures Subsystem

Summary of Subsystem Effort During This Period

1. Stage Separation System and Components were studied
(reference IM0-390-188)

2. Belection of one type of mechanically operated blind
rivet (reference LMO-550-282)

3. Study on effects of docking requirements on LEM config-
uration (reference IMO-540-285)

Contract No. NAS 9-1100 LPR-550-6
Primary No. T60

GRUMMAN AIRCRAFT ENGINEERING CORPORATION DATE 1 Aug. 1964
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4.9.1

4.9.2

4.9.3

Summary of Subsystem Effort During This Period (continued)

L.

5.
6.

7.

Failure Mode and Effect Analysis has been started.
Micrometeoroid Protection Study (reference LED-550-29)

Monitored Descent Propellant Tank Vendor (reference
LAV-280-54)

Input in selection of Ascent Propellant Tank Vendor
(reference IMO-550-260)

Major Effort Anticipated for Next Quarter

1. Wrk will be performed on evaluating the Ascent-Descent
stage separation system components.

2. The Failure Mode and Effect Analysis effort will be
continued.

3. Monitoring of Vendor effort will be continued.

Discussion

1. BStage Separation System and Components

Conceptual design reviews were conducted with design
groups to evaluate the possible usage of a MDF (Mild
Detonating Fuse) Stage Separation Systéem, as opposed

to the electrically initiated hot wire system. Possible
configurations were studied and feasibility tests per-
formed. It was established that the LEM would use the
electrically initiated system (reference NASA-GAEC pyro-
technic meeting, Houston, April 8,9, 1964). The MDF
system would require too much development time.

Interstage electrical umbilical connectors are being
studied and proposals evaluated. Various methods of
separating the interstage umbilical such as; mechanical,
pyrotechnic operated guillotine, shaped charge, are
being studied. Result of propress to date are contained
in IMO-390-188 and soon to be released IMO-390-231.

Interstage fluid disconnects are being studied. Speci-
fications have been prepared and reviewed. Proposals
are being evaluated. Revisions to the specification are
in process to reflect latest information, such as; mis-
aligmment tolerances both angular and linear due to
asymmetrical stage separation, valve sequencing, etc.

Contract No. NAS 9-1100 LPR-550-6
Primary No.

60
CRUMMAN AIRCRAFT ENGINEERING CORPORATION DATE 1 Aug. 196L
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4.9.3

L.9.h

Discussion (continued)

2. Reliability of Blind Rivets

There are in general two types of mechanically operated
blind rivets. A study of these types was conducted
with a definite choice being made for one particular
type. Details are contained in IMO-550-282.

3. Docking Requirements

A study on the effects of docking requirements on the
LEM configuration was conducted. Reliability inputs

for the three configurations studied are contained in
IMO-5L40-285, dated 15 April 196L.

4, Failure Mode and Effect Analysis

FMEA hag been started. This will cover areas such as:
Docking, Landing Gear, Hatches, Structure and Pyro-
technic Systems. The latter include: Ascent-Descent
Stage Separation System; Landing Gear Extension: Antenna
Erection; Descent, Ascent, and Reaction Control Engine
Pressurization.

5. Micrometeoroid Protection Study

The purpose of this study was to recommend how much
micrometeoroid shielding should be added to LEM, where
1t should be allocated and to determine the probability
of not having a catastrophe due to meteoroid bombardment.
For details see LED-550-29, dated 11 May 196L4.

Vendor Status

1. Descent Propellant Tank Vendor

Monitoring of the Allison reliability effort continued.
Major items were,approval of the program plan and receipt
of monthly progress reports.

2. Ascent Propellant Tank Vendor
Proposals from vendors were evaluated and Aerojet was
selected.

References

a. IMO-550-282, 28 April 1964 "Use of Blind Rivets".

b. 1IMO-390-188, T May 1964. "Interstage Electrical Umbilical".
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L.9.4 Vendor Status (continued)

References (continued)

c. IMO-5L40-285, 15 April 1964. "Effects of Docking Require-
ments on the LEM Configuration”.

4.10 ' Crew Provisions Subsystem

4.10.1 Summary of Subsystem Effort During This Period

Design Reviews continued

. Document Review

Indicator Tube Study

. Started Fallure Mode and Effect Analysis

= W o

4.10.2 Major Efforts Anticipated for Next Quarter

1. The Failure Mode and Effect Analysis effort will be
continued.

2+ The crew support and restraint system designh and test
will be monitored.

4.10.3 Discussion
1. Design Reviews

Design reviews for various systems were conducted. As
a result of these design reviews revisions such as the
following are planned:

a. For the astronaut's descent-ascent system which is
basically a ladder; potential suit and toe catching
protrusions on the steps, railings and railing sup-
ports are being redesigned.

b. For the Food and Water System; placement of expira-
tion date on the package; and removal of sharp corners.

Contract No. NAS 9-1100 LPR-550-6

Primary No. 760 1 August 1964
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4.10.3 Discussion (continued)
1. Design Reviews (continued)

c. For Lighting and Pisplays; revision of switc h-name
plate locations to minimize chance of selecting
wrong swit:zh.

2. Document Review

In regard to the Back Pack drawing, a suggested change

is generous rounding of the Back Pack cornsrs to permit
easier astronaut ingress and egress. In addition,
rounding of the corners of the Back Pack would better
permit the astronaut to get up frcm a prone position on
his back, should he ever attain this pcsiticn, (for
example on the lunar surface). During this period,
effort has been expended in the review and revisgion of
equipment criticality ratings (see reference LMO-550-23).
This reflects the latest criticality ratings, and is
used to determine the number of equipments to be utilized
for test purposes.

3. Indicator Tubes

A study was performed on the possible use of Nixie In-
dicator Tubes for displays as opposed to the more common
filament type. Nixie tubes are gas filled cold cathode
glow discharge display indicators. It was felt that

the life of the Nixie tube wag the same order of magni-
tude, but the Nixie required the addition of a 28 to

170 volt DC converter plus more circultry. It was there-
fore, concluded that the reliability of the Nixie system
would be lower than the simpler filament system.

4, Failure Mode and Effect Analysis

Failure Mode and Effect Analysis has been started. This
will cover areas such as; Crew Support and Restraint,
Usage of Pressure Suit, Wast Management, Food and Water,
Germicide Tanks, TLighting Systems, Ingress and Egress,
Descent-Ascent System LEM-Lunar Surface and Vomitus
Management.

Contract No. NAS 9-1100 LPR-550-6

Primary No. T60 1 August. 1964
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5.0

5.1

5.1.1

5.1.2

RELIABILITY ASSURANCE PRCGRAM

Sumary Of Activities

Activities during the last quarter were principally rcutine
test planning, monitoring activities and vendor negctiations.
The results of these activities are reported in Table 5-0,
Test Program Progress. Specific details for each subsystem
are provided in the text of this report.

Amendments To Specifications

During the reporting period a procedure was established in
which the specification amendments from Systems Test, Struc-
tural Analysis, and Reliability were reviewed, coordinated and
submitted to the subsystem group. The responsibility for im-
pienting this procedure rests with the Reliability group
since all specifications must be signed off by Rsliability
before they are issued. When the specification is submitted
to Reliability for signature the Systems Engineering inputs
(Systems Test, Structural Analysis, and Reliability) are
reviewed for accuracy, completeness and technical content

before the specification 1s signed off.

Test Identification

A transmittal sheet for the Test Identification Section of
the LEM Reliability Computer Program (LRCP) has been fully
developed. Use of the transmittal sheet serves the following
purposes:

1. Written record of basic qualitative date concerning a
specific test. Detailed information can be obtained
from the test plan or report if needed.

2. The transmittal sheet is the most preferable method of
transferring engineering data onto IBM punch cards be-
cause of the increased efficiency in key punch operation.

3. The transmittal sheet facilitates the engineering disci-
pline of recording data concerning both planned and operat-
ing tests.

The integrated characteristics of the LRCP allows cross
referencing between the various computer sections such as
Failure Reporting and Analysis, Parts Control and Test
Tdentification. ‘

Contract No. NAS 9-1100 RePORT  TPR-5503-6

Primary Nq. T60 ’ DATE 1 August 196L
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5.1.2

5.2

5.2.1

5.2.1.1

5.2.1.2

Test Identification (continued)

Only a minimwr amount of data, 1.e., Part Number and Test
Plan Number, is needed t¢ establish records concerning a
particular test in the LRCP. Since the transmittal sheets
are printed or specially prepared vellum, it is relatively
easy to add, delete or change data in connection with
specific tests. At present, production data 1s teing pre-
pared on transmittal sheets in anticipation of the comple-
tion of the LRCF. ;

A reduced size sample of The htransmittal sheet is given in
the Appendix A.

Subsystem Program Prcgress

Descent Propulsion

Descent Engine - Rocketdyne

Major effort during the past quarter was devoted to selection
of the final injector arifice pattern design. Selection was
based on over 47 workhorse injector and thrust chamber tests
run during this pericd alore. The type 05 pattern was selected
as the basic LEM injecztcr (triplet, F-0-F)., Variations of
this basic design are the 5C (8% film coolant), SD (5% film
coolant) and type 22 (basic 05 pattern, F-0-F, except cuter

3 rings have 297 patherns instead of 72). Investigation of
each variation will ccntinus. The O5 pattern has yield=d

a C¥ efficiency of 98% with an allowable throat erosior and
zero Pe "pop" frequency.

Major problem areas which are being investigated are:
1. Baffle burning problem
2. Thrust chamber gauges urder the baffles

- .

3. Self induced popping during throttling without heliurm.

Descent Engine - Space Techrology Labs

Two Reliability Assurance Tezt Plans have been received from
STL. :

1. LEM Descent Engine Irjechor Assembly Reliatiiity Assurance
Tegt Plan STL #8438-6108-3UC00 (GAEC LTP-1100-3).

Contract No. NAS 9-1100 repor1  [PR-550-6

Primary No. T60 . DATE 1 August 196k
GRUMMAN AIRCRAFT ENGINEERING CORPORATION ’
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5.2.1.2

5.2.1.3

5.2.2

5.2.2.1

Descent Engine - Space Technology Labs (continued)

2. LEM Descent Engine Thrust Mount and Gimbal Assembly Reli-
abilitg Assurance Test Plan STL #8438-6118-SU000 (GAED
1100-9).

The first test plan was reviewed and found to conform to the
general Reliability Assurance intent. Mission Simulation,
Check of Qualification Test Ievels and Stress-to-Failure
Tests were developed completely in line with GAEC intent.
However, since mission simulation did not irclude a "hot
firing" to represent the descent phase of the mission, the
test plan was not agpproved. The failure mode prediction
analysis indicates failure of *the bearings or flexure as
being most critical, and for this reason, STL did not incor-
porate a "hot firing". GARC is now awaiting STL formal
comments regarding the disapprcval (Ref. IMO-550-349).

The second test plan received is still being reviewed.

Descent Propulsion Components

Vendor proposals for the design and manufacture of components
for the descent pressurization and feed systems have been
evalusted and rated by a team of GAEC engineering personnel.
Preliminary negotiations with selected vendors were also com-
pleted and dquotes on the Test Program have been evaluated.

A purchase order was issued to Sterer Engineering Mfg. Co.

of Los Angeles, California to supply the Helium Pressure Re-
ducing Valve (LSC-270-816) for the pressurization system.

The status of the descent propulsion components is tabulated
in Table 5.0 (Test Program Progress). As purchase orders
are issued, a list of accepted vendors will be included i
the next report. :

Ascent Propulsion

Ascent Engine - Bell

Of major importance during this past quarter was the start of
testing at AEDC. For the first time a full 40:1 chamber was
fired. Firing schedule simulated a typical engine life cycle
consisting cf a 10 second firing, a 380 second firing, and
finally a 15 second firing. End of rua specific impulse for
tests using the HITCO chamber met specification requirements

Contract No. NAS 9-1100 repoRT  LPR-550-6

Primary No. 760 i DATE ] August 196k
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5.2.2.1

5,2.2.2

5.2.3

5.2.3.1

Ascent Engine - Bell (continued)

and on the basis of these tests, HITCO has been selected as
the final ablative supplier.

Along with this accomplishment Bell testing has yielded results
which has resolved the injector problem which was causing under-
cutting of the ablative thrust chambers at the irnjector end of
the chamber section. Injector/ablator compatibility test .
results show the radial pattern type B injector to be most
promising. This pattern is a basic radial triplet pattern

with an outer ring of barrier doublets. Figure 5-1 1s a layout
showing a typical B type injector layout. Bell is continuing
tests to finalize this design and will vary the number of
barrier doublets until best performance is achieved.

Ascent Propulsion Component

Preliminary negotiations for the design and manufacture of
ascent propulsion components for the pressurization and feed
systems have been completed between GAEC and selected vendors
and quotes on the Test Program have been evaluated. A pur-
chase order was ilssued to Sterer Engineering Mfg. Co. of Los
Angeles, California to supply the Helium Pressure Reducing
Valve (LSC-270-715) for the pressurization system. The status
of the ascent propulsion components is tabulated in Table 5.0
(Test Program Progress).

As purchase orders are issued, a list of accepted vendors will
be included in the next report.

Reaction Control Subsystem

Propellant System and Thrust Chamber Assembtly - Marquardst

Testing on the workhorse cluster in Cell 9 wag concluded dur-
ing the last quarter. Test results indicate the line dynamics
influence pulse performance and reproducibility increases with
pulse width and off time. Further cluster testing has been
curtailed wntil a final S/M engine design has been frozen.

At the present time the S/M engine design consigsts of a two
piece combustion chamber, joined mechanically. Major problem
areas of the S/M engine which must be resolved are (1) high
chamber pressure spikes resulting in shattering of the ergine,
and (2) passive thermal management. Testing of various, pro-
posed design changes (pre-mix chamber, valve timing, increased
wall thickness...etc.) are presently being conducted to de-
termine solutions to the spiking problem.

Contract No. NAS 9-1100 o LPR-550-6
Primary No. 760

GRUMMAN AIRCRAFT ENGINEERING CORPORATION DATE 1 Aug.196k4
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5.2.3.1 Propellant System and Thrust Chamber Assembly-Marguardt (cont’'d)

A decision was made to remove the propellant burst disc and
screen assembly. The decision was arrived at after reviswing
the design and system operation requirements of the RCS.
Marquardt was notified to stop all effort associated with +he
propellant burst disc and screen assembly. Marquardt was also
notified that the main line ghut-off valve would now be commcn
usage with the Grumman supplied ascent interconnect valve.,

T™C was relieved of any responsibility for the procurement

of the main line shut-off valve.

5.2.3.2 RCS Propellant Tankage - Bell

The preliminary design review was held a% Bell on May 21 and
22. Agenda items were:

1. Test Plans

2. Religbility

3. OStress Analysis

L. Weight & Volume Calculations
p)

. Vibration Parameters

It was agreed during the discussion of the test plans that
during diffuser tube feasibility testing the test levels

would be increased to 1.5 of qualification levels to determine
point of failure. During the feasibility test phase one oxi-
dizer tank will be vibrated at amblent temperature and pressure,
fully loaded, to check for critical buckling.

Amendment No. 1 to the specification was submitted to Bell

for review and SCP action. The amendmert contains requirements
for using actual propellants during slosh, expulsion and volume
verification tests.

Bell is experiencing excessive random bladder failures on the
Apollo propellant tanks. Development testing has been stopped
pending a full investigation into the cause cf the failures,
Preliminary results indicate one possible cause is permeation
of the propellants through the 3 mil bladders causing separa-
tion among the plys. Further labcratory testing will be re-
quired before the exact cause of failure can be determined.

5.2.3.3 " RCS Helium and Propellant Compcnents

Table 5.0 lists the status of all the RCS components. Proposals
have been received and evaluated for all the helium snd pro-
pellant components. Vendcr negctiations are in process for

Contract No. NAS 9-1100 REPORT ILPR-550- )
Primary No. T60 pate 1 Augush 196L
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5.2.3.3

RCS Helium and Propellant Components {continued)

5.2.4

5.2.4.1

5.2.4.2

Primary No. 760

all the components except the propellant filter and explosive
valve. Recent changes have occurred in the RCS components as
directed by NASA letter EP=L-10-64-213 dated 19 May 1964 which
affects the procurement dociument status. GAEC was counsidering
g dual initiator explosive valve. NASA has directed that GAEC
use two single initistor explosive valves in parallel., This
direction will require revisicn to the design controcl specifica-
tion.

NASA has directed that the propellant manifold crossfeed valves
be solenoid operated instead of explosive actuated. The design
control specification for the explosively actuated crossfeed
valve has been cancelled. The crossfeed valve will ncw use the
same valve as the ascent interconnect wvalve.

The propellant ground test couplirg has been eliminated. A

fill-drain coupling will be used downstream of the propellant
main feed shut-off valves to service the fuel manifold.

Stabilization and Control Subsystem

Rate Gyro Assembly (RGA) - Kearfoth

Program Plan for the RGA, submitted to Grummen for approval,

was reviewed by Reliability and comments are contained in
IMO-550-317. The RGA is in the Design Feasibility phase of

the Development Program and Test Plans are now being prepared.
The Monthly Progress Reports indiceate that the program is

about two (2) weeks behind schedule, however, Kearfoht exprzsses
confidence that they will be back on schedule withiz the next
few months.

Attitude And Translation Control Assembly (ATCA) - RCA

Negotiations with RCA were completed in the early part of
April with program go-zhead given on April 29. RCA submitted
a Program Plan for the ATCA which was reviewed and rejected
by relisbility. Comments 0 this Program Plan are contained
in IMO-550-338. Presently, there is no progress to report
except for a request by RCA to use analog integrated circuits.
RCA's request is based on the fact that integrated circultry
will decrease power and weight, and increase reliability. An
evaluation of their proposed circuits is now in progress. The
entire subject of analog integrated circuits is being investi-
gated at this writing and will be reported in the next Quartsr-
1y Report.

report  LPR-5D0- :
DATE 1 August 1964
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5.2.54.3

5.2.4.4

5.2.4.5

5.2.4.6

5.2.4,7

5.2.4.8

5.2.4.9

Gimbal Drive Actuator {GDA) - AiResearch

Proposals for the GDA, received from Kearfott, Lear Siegler,
AiResearch and Nash Controls, were reviewed and evaluated

by Reliability. The overall engineering evaluation resulted
in Garrett AiResearch being selected as vendor. Latest
reliability requirements were submitted to the subsystem
engineer for incorporation into the specification during
negotiations which are scheduled to start early next gquarter.

Attitude Controller Assembly (ACA)

The simplified Design Criteria and Reliability Assurance
requirements were submitted for incorporatiozn into the ACA
specification. An amendment has been writften to the Reli-
ability Assurance and Qualification Tests and following
review and sign-off the specification and vendor requirements
will be submitted with the ITQ.

Descent Engine Control Assembly (DECA)

The proposal for the DECA from RCA, is scheduled to be
received during the next reporting period.

Attitude Reference Assembly (ARA)

Engineering evaluation of the ARA proposals was completed
and vendor selection is now awaiting NASA approval.

Abort Programmer Assembly (APA)

The procurement documents for the APA have been completed,
but have not yet been released for quote.

Translation Controller Assembly (TCA)

The TCA specification contains the same simplified Design
Criteria and Reliability Assurance requirements as the ACA.

During this quarter the specification was released for
engineering review and subsequently signed-off.

Tn-Flight Monitor Assembly (IFMA)

Procurement documents for the IFMA are in the preliminary
stages of preparation and have nct yet been released for
engineering review.

Contract No. NAS 9-1100 gepORT  [PR-55C-6

Primary No. T60
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5.2.5 Environmental Control Subsystem (ECS)

5.2.5.1 GAEC ECS Section Feasibility Tests

Design feasibility tests plans have been prepared for simu-
lating the Heat Transport, Water Management and Oxygen
Supply Sections. These tests, which will simulate section
;hardware and configuration layout, are to be conducted for
the purpose of providing preliminary data on pressure drops,
mass flow characteristics, temperature effects and inter-
action effects between these parameters.

- 5,2.5,2 ECS Components And Assemblies - Hamilton Standard (HSD)

- LSP-330-23, incorporating the Reliability Boundary Conditions
in accordance with the revised reliability assurance inputs
to vendor specifications (reference LPL-550-1A) was released
to HSD. Technical assistance by Reliability Assurance person-
nel has been provided to HSD for the purpose of scheduling
the tests and facility usage to meet the validated Grumman
test logic based on the delivery schedule in compliance
with the Shea Study.

The design and pre-development phase of operations at HSD
is phasing out with subsystem components being released for
fabrication and corresponding development test plans being
prepared and submitted for Grumman approval.

5.2.5.3> Partial Pressure Carbon Dioxide Sensor - Perkin - BElmer

~ Perkin - Blmer's contract with MSC was reviewed to ascertaln
whether the presently scheduled quality assurance provisions
 adequately cover the Grumman Reliability Assurance require-
ments. Preliminary comments were telephoned to MSC which
ISubsequently amended the contract with Perkin - Elmer to
include additional testing and stress-to-fgilure tests re-
quested by Grumman. Additional recommendations concerning
the Perkin - Elmer test program are under preparation and
will be forwarded to MSC.

5.2.6 Electrical Power Subsystem (EPS)

5.2.6.1 Power Generstion Section (PGS)

Contract No. NAS 9-1100 REPORT  [PR-550-6
Primary Noi T60 DATE 1 August 19564
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5.2.6.1.1 Fuel Cell Assembly (FCA) - Pratt & Whitney Aircraft (PWA)

Preliminary discussions were heid with PWA irn defiring The
revised Reliability Assurance requirements coastained in
LVC-391-002. Follow up coordination meetings are scheduled
to further defire, in detail, the technical aspeczts of the
Reliability Asstrance tests, in addition to facility avail-
ability and capability.

Degign feasibility tests at PWA ccatinued at an increased
rate during this quarter and are summarized in Table 531

5.2.6.1.2 Cryogenic Hydrogen And Oxygen Storage And Supply Tank

Assemblies - AiResearch

A coordination meeting at GAEC was held with AiResearch %o
disucss technical and scheduiing aspects of the Reliabillity
Assurance requirements. The results were reflected in the
AiResearch Program Plan §5-3090 and will be further defined
in the forthcoming General Test Plan.

5.2.6.1.3 Cryogenic Reactant Supply Components

Proposals were received for the following components and
evaluated for their compliance with the Reliability Assur-
ance requirements of the respective specifications.

1. Interstage Quick Disconnect
2. Latching Solenoid Valve
3. Relief Valve
4, Check Valve
5.2.6.2 Power Distribution Section

5.2.6.2.1 General Purpose Inverter

Eight (8) Vendor Proposals were received and evaiuated for
compliance with the Reliability Assurance requirements of
LSP-390-6. The results of the evaluation are detailed and
tabulated in IMO-550-298, May 7, 1964. Final procuremen’
procedure will commence upon receipt of direction by MSC.

5.2.6.2.2 Electrical Power Distribution Components

Contract No. NAS 9-1100 report  LPR-55C-

Primary No. 760

Procurement documentation cn components has progressed, as
indicated in Table 5.0.

DATE 1 August 1964
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5.2.6.2.2 Electrical Power Distribution Components (continued)

Vendor Proposals for Circular Comnectors (3) have been
received and evaluated as to their compliance with the
Religbility Assurance reguiirements of Specification LSP-

390-8.
5.2.7 . Instrumentation
5.2.7.1 Pulse Code Modulsatiorn and Timing Elextronic Assembly

(PCM/TEA) Radiation, Inc.

The PCM/TEA is progressing in its design feasibility stage.
The Thermal Feasibility Model Test Plan LPC-1480-2 and the
Mechanical Feasibility Model Test Plan IPC-1480-1 have been
reviewed and found %o be acceptable. A Detail Test Report,
LTR-1480-1, of the Exploratory Vibration Tests on the
Mechanical Model was received during the past quarter.
Comment on the tests will be reserved since the tests will
be rerun with a redesigned simulated cold plate. No other
test reports have been received to date.

5.2.7.2 Caution and Warning Electronic Assembly (CS&WEA)

The C&WEA Design Specification and Vendor Requlrement Docu-
ments were released during the past gquarter and submitted
for bids. Vendor proposals have been received and are
currently under evaluation. ‘

5.2.7.3 OBCE, SCEA and DSEA

The following Instrumentation specifications are under prepa-
ration and Reliability inputs have been submitted for inclu-
sion: OBCE, SCEA, and DSEA.

5.2.8 Communication Subsystem

5.2.8.1 VHF Inflight Antennas (Grimman)

Concentrated efforts are being made in the Development Test
Program to design a setup whereby the VHF antennas can be
tested under Ultra High Vacuum conditions at full radiated
power, & Reliability Assurance requirement. The purpose

of this test is to obtain performance information under
critical environmental conditions and to test for a failure

Contract No. NAS 9-1100 ~ -
Primary No. T60 1 August 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION DATE
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5.2.8.1

5.2.8.2

© 5,2.8.3

VHF Inflight Antennas (Grumman) (continued)

mode known as multipacting, a phenomenon characteristic of
high power levels, enclosed areas, high vacuum and a com-
paratively long mean-free electron path (i.e., to produce
secondary enission). With the selection of the microwave
absorption material and completion of the design of the
enclosure configuration (simulation of a free space con-
dition) the above test will be implemented.

VHF Diplexer (Grumman)

Negotiations for the VHF Diplexer were completed during the
week of May 18 with the Rantec Corporation. Agreements

were reached to implement the Simplified Design Environmental
Test Program that imposes much higher levels and ranges

than the expected Prelaunch or Mission enviromments will be,
See Chart I, (=%

Condition . Approximate Prelaunch Simplified
Mission Levels or Ranges Test Level
Vibration .
Sinusoidal * 5.0g 20g
5 to 500 cps 5 to 3000cps
Random 0.0783g2/cps 0.6g2/cps
Shock 15¢ 50g
CHART I .

Included in the Reliability Assurance requirements is a

500 hour run test to check for degradation and drift of any
of the electrical characteristics of the unit. This test
will also reveal the degree of maintainability required for
the VHF Diplexer.

Msnual Coaxial RF Switches

The Simplified Degign Envirommental Criteria is being imple-
mented for both the VHF and S-Band Coaxial Switches which
have been incorporated in the Coaxial RF Switch Specification
I1SP-380-74, dated June 3, 1964.

Contract No. NAS 9-1100 REPORT [ PR-550-6
Primary No. 760 DATE 1 August 1964
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5,2.9

5.2.10

5.2.10.1

5.2.10.2

Radar

During this period RCA continued with the breadboard model
designs of the Rendezvous Radar and Transponder and initiat-
ed the fabrication of hardware and procurement of parts for
the first two Experimental Models. Early significant tests
were the exposure of the High Power Multiplier chains sub-
assemblies to elevated temperatures to investigate stability
characteristics and check for any performance degradation.
Special attention is being given to HP Multipliers as they
are composed of critical Microwave Circuits and contain com-
ponents of relatively unproven Reliability. (e.g., Varactor
Diodes).

Toward the latter part of this period RCA was informed of
the revised Reliability Assurance requirements as outlined
in the Section 5.0 of the last Quarterly Report. Due to

the evaluation and near ingtitution of the Flight Crew
Systems Division study, an evaluaticn to provide an addition-
al capability for the Rendezvous Radar to measure, during
ascent, altitude and velocity accurately in case of an abort
condition, some delay was encountered in implementing the
Religbility Assurance requirements. One significant change
in the Reliagbility Boundary Tables was the shifting of the
Landing Radar Electronics from the Ascent Stage to the
Descent Stage regquirements.

The Transponder Antenna Design Control Specification was re-
leased on April 17, 1964 conbaining the Simplified Environ-
mental Design Criteria and the detailed Reliability Boundary
test requirements. ' '

Structures and Materials

Ascent Stage Propellant Tank

The selected vendor for the Ascent Stage Propellant Tank is
Aerojet. During the negotiation phase the responsible reli-
ability engineer assisted the Vehicle Design and Integration:
Group in, clarifying and delineating Aerojets development
test rationale.

Descent Stage Propellant Tank

No Reliability Assurance tests were performed on the Descent
Stage Propellant Tanks during this quarter. Reliability
Assurance Group continued their survaillance by reviewing
Allison's test plans for the forthcoming design feasibility
test. A full listing of the test plans are presented in
Table 5.0.

LPR-550-6

Primary No. 760

GRUMMAN AIRCRAFT ENGINEERING CORPORATION DATE 1 Ayg. 1964
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5.2.10.3 Electro Explosive Devices (EED)

Design Feasibility tests are in progress on pyrotechnic
devices to be used on Separaticn Stage Devices and the land-
ing Gear Uplock Devices. The primary objective of these
tests is to supply informaticn to be used in the prepara-
tion of procurement decumentation.

" During this reporting period, NAA procurement Specification
MC 453-0009B, Electrical Hotwire Initiator, proposed as a
common usage item, was reviewed to determine its compatibil-
ity with LEM requirements. This review is covered in IMO-

550-327.

5.2.11 Crew Provisions

Crew Provisions activities during this quarter consisted
mainly of monitoring the 6 volt versus 28 volt incandescant
lamp test program. This test has the unique reliability
Stress-to-Failure test concept in the plan. Breifly, six-
teen groups of lamps (each group representing different type)
will be subjected to a random vibration test at the antici-
pated mission level and duration. The lamps will then be
subjected to further excitation at spectral density levels
increased by lO% throughout the frequency spectrum for four
minutes. This process, with spectral density levels increased
incrementally by lO% will be continued until all the test
specimens have failed. By utilizing this step stress process,
the actual strength margin of the lamps will be determined.
This information in turn will be used in the selection
process.

All other activities during this quarter were minimal. Dur-
ing the forthcoming quarter it is anticipated that reliabil-
ity plans for the testing of the control panels, support

and restraint system, and lighting sections will be initiated.

5.2.12 Controls and Displays

During the past quarter, the Reliability Assurance and the
Reliability Boundary Table inputs to the applicable design
control specifications have been modified to conform to the
new Structural Analysis requirements. However, the majority
of equipment specifications are not released for competitive
bidding as of this date. A listing of modified specifica-
tions as well as those released for Vendor Negotiations is
presented in Table 5.0.

ontract No. NAS 9-1100 LPR-
Primary No 760 1 August 1964
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5.2.13

Ground Support Equipment - GSE

The Reliability test effort for GSE was broadened in scope
as the result of CCA's 29 and 51.

Various types of GSE have been cabtegorized in accordance with
their intended use and criticality as shown in Para. 6.2.

The test program for GSE based on these categories has been
initiated and equipment specifications are being reviewed
accordingly. The list of documents reviewed during the past
quarter is presented in Table 5.0

System Testing

The System Test Program planning has been revised as follows:

Test
Name Vehicle Wame Location
LTA-1 Integrated System (House Spacecraft) GAEC
LTA-2 Dynamic Test MSFC
LTA-3 Structural Test GAEC
LTA-L Envirommental Development GAEC
LTA-5 * Propulsion & Combined Systems WSMR
LTA-6 CSM/LEM Compatibility NA&
LTA-T Environmental Demonstration MSC
LTA-8 CSM/LEM Environment & Compatibility MSC
LTA-9 Propulsion & Combined Systems WSMR
LTA-10 S-IVB Adapter/LEM Model & Separation . NAA

The Reliability Test Requirements are being prepared for the

individual LTA Test Plans. These requirements will be trans-
lated into test objectives for particular test runs on LTA-1,
LTA-4, LTA-5, LTA-T and LTA-8. The object of the Reliability
Test Requirements is to cover areas of test migssed in the

‘subsystem inputs to the test planning. The reliability

effort to date has been mainly directed to the LTA-5 WSMR
Test Plan.

Fiight Development Program

During the quarterly reporting period the Apollo Spacecraft
Development Test Plan (ASDTP) has been updated to define

the ASDTP for the purpose of building flight development
mission requirements. These requirements will be the basis
of developing a document for MSC to control the Apollo
development program. This document will contain LEM and FTA
flight test mission planning assignments and definitions of
each LEM mission. This test plan will be monitored to
insure the availability of data to support the estlmatlon

of the numerical reliability of each subsystemn.

Contract No. NAS 9-1100 o LPR-550-6

Primary No.
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6.0 RELIABILITY SUPPCET ENGINEERING

6.1 Maintainability

The Maintainability effort for this quarter consisted of:

1. Development of a technique to quantify Reliability during
the prelaunch phase of cperaticns (LEM Maintainability
Analysis).

2. Review of specifica*icns, vendor requirements, and vendor
proposals.

3. Monitoring vendor maintainability efferts through review
of Monthly Progress Repcrts and attendance a% vendor/
GAEC Maintainability Review Meetings.

Lh. Participation in the Prelaunch Chackout Meetings at AMR.

5. Participation in GAEC/MIT G and N work grcup.

The LEM Maintainability Analysis is the technique developed
to quantify Reliability during the prelaunch phase of opera-
tions. The analysis utilizes a Reliability Analysis Form,
a Maintainability Requirements and Task Analysis Form, and
a curve plotting Unreliability (Q, 1-R) versus time of LEM
processing events. For each scheduled event an estimate is
made of the unscheduled events tha*t may take place as a
result of the scheduled event. The failure modes of each
"Replaceable Equipment" are assessed and the planned tests
and checkouts are analyzed tc determine the contribution

of each failure mode tc Unreliability during the Prelaunch
Checkout phase of operations. A test which wvalidates that
a mode of failure has not taken place reduces the Unrelia-
bility of that mcde tc zero for that instant of time.

6.1.1 Propulsion Subsystem

In response to a GAEC request, Rocketdyne prepared an ini-
tial "Failure Mcde and Effect Maintainability Analysis."
This was presented gt a Rccketdyne/GAEC Maintainagbility
meeting at Bethpage. The Analysis also was published as
part of Rocketdyne's Mcnthly Prcgress Repcrt R-5205-12,
This analysis covers the 180 day prelaunch period, and is
useful to GAEC in the preparaticn of the LEM Maintaina-
bility Analysis.

Contract NAS 9-1100 I.PR-550-6
Primary No. 760 1 August 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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6.1.1

Contract NAS 9-1100 ‘ report LPR-550-6
Primarv No.

Propulsion Subsystem (continued)

The Preliminsry LEM Maintainability Analysis has been com-
pleted for the Rocketdyne Descent Engine and will be pub-
lished shortly.

The prelaunch reliability (operaticnal readiness) goal for
the Descent engine was established as 0.99991, one order of
magnitude greater than the mission success goal.

The preliminary analysis consisted of only four (L) items

on the engine., It was determined that these items represent
approximately TO per cent of the Unrelisbility of the engine
during the prelaunch period.

The analysis indicates that the Operational Readiness for
these four (L4) items is . 97949, These results are considered
significant enough to justify changes to the sequence and
scope of the prelaunch checkout plan and to recommend acces-
sibility to the descent.engine at the Launch Pad to allow

for testing and replacement of critical items. Incorporation
of these changes to Prelaunch Checkout Plan and to design,

in addition to updating of the maintainability analysis, will
be the wmajor effort expected during the next quarter report-
ing period on the Rocketdyne Engine.

The Maintainability Analysis for the STL Descent Engine is
in progress. At a recent STL/GAEC Maintainability Meeting,
STL was informed that it would be desirable to be able to
replace failed items on an installed engine, rather than
replace the engine during the prelaunch phase of operations.
The following criteria was suggested to determine the prac-
ticality of replacement of assemblies:

. Significant probability of failure.

. Ability to detect all modes of failure.

. Ability to isolate failure item

. Accessibility for removal and replacement.
. Fegsible revalidation requirements.

. No hot firing requirements,

o\ Fw o H

Using the above criteria as screens, STL was requested to
review their engine design and recommend items whlch should
be made replaceable.

760 DATE 1 Anonet 10R/L



6.1.2 Reaction Control Subsystem

The Maintainability Analysis for the Reaction Control Sub-
system is in progress. Documents utilized for this analysis
include the LEM Prelaunch Checkout Plan (LPL-610-3), Basic
LEM Measurements List (LED-360-7), LEM Maintenance Plan
(LPL-635-1A), Func:ional Requirements for LEM Subsystem
Controls and Displays (LED-480-1B), and other vendcr and

., GAEC publications.

A Logistic Support meeting between The Marquardt Ccrporation
and GAEC personnel was held at Bethpage. ZPrcblems regard-
ing RCS maintainability were discussed: specifically, the
capability for replacing individual compcnents without re-
placing major assemblies. For instance, Maintainability
expressed the need for individual replaceability of filters,
orifices, and thrust chamber assemblies, rather than the
replacement of a compiete cluster assembly.

6.1.3 Communications Subsystem

A preliminary study of the Communications Subsystem was
performed in order to establish the lowest replaceable unit
within the subsystem. This study was made to determine

the level of maintainability and to present the results to
the LEM Communications Subsystems Grcup for consideration
in the design of the communications equipment.

The Maintainability concepts follcowed for this study are
as follows:

1. After the equipment has been installed on the LEM, mal-
functions will be isclated to an Electronic Replaceable
Assembly (ERA) and to the lowest rep.aceable unit if
performance, weight, and/or reliagbility are not signif-
icantly effected. When a malfunction has been detected,
the ERA will be removed from the LEM and sent to the
bench for further fault isclaticn.

Meanwhile another qualified ERA will be mechanically but
not electrically connected in the LEM, Power will not
be applied to the replacement ERA until it has been
determined that the detected malfunction has not been
induced from a scurce external to the subject ERA.

Contract NAS 9-1100 LPR-550-6 .

Primary No. 760 1 Aucust 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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Communications Subsystem (ccuntinuied)

2. Prior to integraticn of naw equipment into the LEM and/
or while a failed ERA is cn the bench, malfunctions
will be isolated to the lowest replaceable unit and if
possible to a compcnent level.

3. A repair 1s considered to have been made after the fol-
lowing steps have been completed:

a. The failure has been isolated to a replaceable unit
within the ERA.

b. The malfunctioning replaceable unit has been removed
from the ERA and a qualified spare (replaceable unit)
has been installed at the vendor's facility or at
GAEC.

c. The ERA has been functionally tested in compliance
with acceptance test procedures.

The study also presents suggesticns for circuit layout that
would permit fault isolation toc a level lower than the re-
placeable unit. Fault isolaticn to a replaceable unit is
not to preclude the capability to perform more extensive
fault isolation to the component or piece part level at AMR
and/or GAEC and/or the vender's facility.

During this reporting pericd, ccordination meetings were
held with RCA to discuss:

1. Details of the usage of the GSE and in-flight connectors.
The general ground rule for this discussion was that
there would be no duplicate informaticn on the connectors
(in accordance with the interpretation of the require-
ments for flight measurements and the GSE guide lines in
the specifications (Reference: LMO~550-323).

2. Packaging
a. Communications

The RCA vendor proposes using a wire wrapped jumper
technique instead cf the split pin wire wrap for
internal subassembly connections. Exceptions were
taken to this technique because of added weight
(additional wire required) and high probability of
induced failures due to jumper wire chaffing under
vibration. Wire chaffing coculd result in an in-
fligh% failure and/or unscheduled maintenance dur-
ing checkcut.

Contract NAS 9-1100 LPR-550-4

Primary No. 7%
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6.1.4

6.1.3

Communications Subsystem (continued)

b. Radar

The RCA vendor proposed using a skewered sequential

packaging approach. Exception were taken to this
approach because:

(1) Other replaceable subassemblies (cards) must
be disturbed while removing a failure sub-
assembly.

(2) EMI gasketing would be disturbed.

(3) When a skewer is removed for card maintenance
or fault isolation, undue stress would be placed
on wire wrap connections of other subassemblies
or cards.

(4) Special instructions and tools may be required
to prevent overstressing when the skewer is
tightened during assembly or reasseunbly.

Flight Control Subsystem

Preliminary efforts have begun on the method and concepts to
be used inconducting a LEM Maintaingbility Analysis on the
Flight Control Subsystem. As support information to the
analysis a familiarization study of the flight hardware,
ground support equipment capability, Prelaunch Checkout Plan
(LPL-6lO-3) and RCA Task 12 is being accomplished.

Maintainability was represented at the RCS Checkout Working
Group where the flight control portion of the Prelaunch
Checkout Plan, LPL-610-3, was revised to be consistent with
current checkout criteria and with the gerieral philosophy

of end-to-end test technique. The Group effort also included
the prearation of a FCS integrated test. Maintainability's
specific input to this Group was to ascertain, within current
limitations, that the proposed tests are conducted at times
which ensure that the operational readiness goal of the sub-
system is met at launch.

Maeintainability has also been represented at the GAEC/MIT G
and N Checkout Working Group. The sccpe of the Group is to:

a. Prepare G and N related checkout procedures for LTA's
and LEM's.

b. Define facilities and GSE requirements to implement
the test plans and procedures.

c. Initiate checkout requirements.

Contract NAS 9-1100 LPR-550-6
Primary No. T60 1 August 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION



PAGE 6.6

6.1.4

6.1.5

6.2

6.2.1

6.2.1.1

Contract NAS 9-1100

Flight Control Subsystem (continued)

To support the efforts of the Group, Maintainability is
currently preparing a presentation tc evaluate the merit cof
performing a system test during static firing of the ascent
engine at AMR.

Environmental Contrcl Subsystem

The LEM Maintainability Analysis for the Atmospheric Revital-
ization Section of the Envircnmental Control Subsystem is in
process. Inputs to the analysis are the Hamilton Standard
Design and Test Specifications, Failure Mcde and Effect Anal-
ysis, and the GAEC Prelaunch Checkout Plan (LPL-610-3).

The maintainability of the Oxygen Module of the Atmospheric
Revitalization Section was analyzed. As a result, suggestions
were made to relocate several valves into a more logical
arrangement. The relccation c¢f these valves will also
enhance maintainability frcm an accessibility standpoint.

Ground Support Equipment

Summary and Discussion

Summary
The Reliability effort cn LEM GSE during the past quarter
has been concentrated in the fcllowing areas:

a. Evolution of a reliability program I Ground Support
Equipment ccmmencing with criticality classifications.

b. Establish Specification and Vendor Requirement (VR)
standard formats and review of varicus GSE documents
for religbility and maintainability requirements.

Review of ccommon-usage GSE reliability requirements.

d. Review of Failure Mocde and Effect Analysis (FMEA)
techniques fcr LEM GSE.

e. Evaluation of vendor proposals.

LPR~550-

Primary No. 760 1 August 196k

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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a.

6.2.1.2 Discussion

A Reliability program specifying requirements for all
Ground Support Equipment is ncw a ccantractual require-
ment. To facilitabe implementation of this program,
LEM Reliability has established LEM GSE reliability
criticality classificaticns, Table 6.2.1 which is being
used to establish the depth of religbility effort on
all Ground Support Equipment.

The extent of reliability program tasks tc be performed
for each criticality classification has Initially been
established and cutlined during this repcrt pericd in
Table 6.2.2.

A review cf current LEM GSE end item equipment lists,
References(c) and (d),‘was perfcrmed and the equipment
was grouped according to criticality classification to
determine the quantity cf items in each category. The
following is a syncpsis of this review:

Criticality Classificaticn Quantity COf GSE Items

MEE 62
MSE 101
MTE 29
MD/TE 185
TOTAL 37T

To facilitate the reliability review c¢f all LEM GSE
Procurement Data Packages, standard formats of LEM GSE
religbility and maintaingbility requirements were estab-
lished to be incorporated in Design Control Specification
and Vendor Requirement documen®s. These formats were
released as enclosures to Reference (a).

When determined that it is not necessary to impose spe-
cific reliability requirements for a GSE item, a memc-

randum is prepared and submitted justifying the waiver

of reliability requirements.

During this repcrting pericd, varicus LEM GSE documents
were reviewed for reliability and maintainability require-
ments. The status is shcwn in Table 6.2.3.

Contract NAS 9-1100 LPR-550-6

Primary No. 760
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Discussion (continued)

The common-usage GSE items (29) comprise rouaghiy 50
per cent of the equipments in the Missicn Essential
category. Discussicus are 1in progress between NAA
GSE and GAEC Reliability personnel to come up with

a workable religbility program plan for handling the
comon-usage items. The main purpose of this plan
will be to assure NASA of the ccnformance of these
GSE items to LEM reliability/mainﬁainability require-
ments.,

Effort was alsc expended during this report period on
a Failure Mode and Effect Analysis procedure for all
GSE items. A comparison was made between the NAA and
GAEC formats. The reascn for this was twcfold:

1. Since some (31L) items of GSE will be common-usage
equipments, the NAA form was reviewed for compati-
bility.

2. The existing GAEC form did nct lend itself readily
to the analysis of GSE.

The end result of this comparison will be to use a
"hybrid" form combining the bes* features of the NAA
and GAEC forms.

The FMEA will be done initially on a systems basis for
MEE to determine the first crder effects of a GSE failure
on the primary GSE system, relafted GSE, and the LEM
spacecraft and/or checkout or servicing function. It
will also be a part cf this analysis to investigate
alternate methods of cbtaining test or checkout data
assuming a failure in the primary system

Parts of the FMEA may be done in cconjunction with the
Maintainability Analysis. The accessibility and repair-
gbility of the GSE will be a prime consideration in
determining the effect of a failure on the checkout
sequence and any launch/hold decisions. Malfunction
detection capabilities of the GSE system will be exam-
ined to establish whether a given malfunction can be
detected, isolated, and ccrrected within a given time
span.,

The following GSE items have undergone a preliminary FMEA:
a. 410-92210, PCM Carry-on

b. L410-92210 thrcugh —9221&, Signal Conditioners

c. U410-92230, Data Interleaver

ontract NAS 9-1100
Primary No. T60

LPR-550-
1 August 1964
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6.2.1.2 Discussion (continued)

f. Vendor proposals were reviewed on the LEM Mission Simu-
lator (LL0-43100), Supercritical LOp Development Bench
(430-8120), and Supercritical LH, Development Bench
(430-8130) for rellab1llty/ma1nta1nablllty adequacy.

The anticipated effort for the next quarter will include
the following tasks:

a. Attendance at common-usage design reviews.

b. Continuation of specification review effort.

c, Perform system FMEA on mission-essential GSE.

d. Continuation of proposal evaluation, vendor nego-
tiations and surveillance.

€. Develop availability requirements for launch-asssociated
GSE including apportionment ground rules.

6.2.2 General Functional Description

6.2.2.1 ACE-S/C

The ACE-S/C Functional Block Diagram shown as Figure 6.2.1
of Reference (b) remains virtually unchanged with the excep-
tion of the part numbers (which now reflect the common-usage
designation). No block diagram is included in this report
because of this minor change. The reliability block diagram
of Reference (b) also remains unchanged.

6.2.2.2 Fluids Support Equipment

Functional block diagrams for the four (4) major groupings
of Fluids Support Equipment were né¢t availlable for inclusion
in this report. It is, however, planned to include them in
the next status report.

6.2.3 References
a. LMO-550-294, GSE Reliability Program
b. LPR-550-5, Fifth Quarterly Reliability Status Report
c. LED-400-9, GSE End Item Implementation Plan
d. LED-400-11, STE End Item Tmplementation Plan

Contract NAS 9-1100 LPR-550-6
Primary No. T60 1 August 1964
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TABLE 6.2.1

LEM RELIABILITY GSE CRITICALITY CLASSIFICATIONS

PRIMARY CLASSIFICATION GEgiRﬁgU§g§§§$ON EQUIPMENT
WJ — ——
MEE  Mission Essential Equipment (I&II)| AMR- ACE s/c,

" GSE used as part of the launch ga?rVQQS’ . gCE Supportf
complex;. specifically that equip- a;g;ér mbilical eﬁﬁiiidggulpment
ment, if failure occurred, would oo g - -
result in a persomnel hazard, Mbglle Arming .gggdllng Equipment
spacecraft failure, loss of equip- A 23§?é+ tan
ment or causing long lead repair _E‘O““h Z;a“*o“’
and launch delay. aunc ca

MSE Mission Support Equipment AMR, BTME,
Vertical Ass' STE
GSE used as backup to the launch Building | Sepvice Equipment
complex for repair, checkout and Operations ,and (Fluids) ‘
maintenance; specifically that Checkout Handling Eéuipment
eguipment, if failure occurred, Remote Tesé : ,
would not result in unsafe condi- Age < ‘ '
tions, long lead repair or launch | &
delay. '
MI'E Mission Test Equipment GAEC , HSTE ,
GSE used for testing and checkout WSMR BIME ,
of deliverable equipment; if a MSC STE’; .
failure occurred would not have a | NAA> Service Equipment
‘ direct effect on the mission HSD (Fluids),
launch. ' and other vendor| Handling Equipment
facilities
MD/TE  Mission Development/Training Eqpt. GAEC , . DIE,
GSE used for testing and checkout | &nd other vendor| LMS
of non-deliverable equipment or facilities
training purposes only; specifi-
cally that equipment having no
contact with final equipment. .

NOTE «

The GSE Primary Criticality Classification will govern the

Design Control Specification Religbility Requirements.

Contract NAS 9-1100
Primary No. 760

GRUMMAN AIRCRAFT ENGINEERING

LPR-550-6
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TABIE 6.2.2

RELIABILITY TASK REQUIREMENTS

CRITICALITY CLASSIFICATION
RELTABILITY TASKS
MEE MSE MIE MD/TE
Reliability/Maintainability X X
Assurance Plan
¥*Reliability Assurance Detail Plan X X
Religbility Estimate X X X
Parts Application and Standardi- X X X X
zation
Reliability Data List X X
Configuration and Circuit Analysis X
Failure Effect Analysis X X X
¥Failure Mode Prediction Analysis X X
Failure Reports X X X X
Failure Analysis X X X X
Maintainability Analysis X X
’ .
Reliability Monitoring of Vendors X X X X

*¥0Only In Special Cases

Note: Individual Pequirements of each task are reduced in complexity
as the criticality classification is reduced.

Contract NAS 9-1100

Primary No. 760
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STATUS CF LEM GSE DOCUMENTS

LSP LVR
Criticality Part Number Ttem Name = & = &
Class . ol &l
' o B 58
Bl &lA
MEE 430-54200 Transfer Unit, Gaseous Oxygen X
430-5LL400 Test Unit Assembly, Cabin Leakage X|X| X
430-54600 Freon Supply Unit X X
430-54700 Trim Control Unit Assembly, Water/Glycol Xix1l X
430-62180 Cart, Checkout, Reacticn Control System X
430-64420 Loading Control Assembly, Propellant X
430-82720 Leak Detector Assembly, Mass Spectrometer, | X |X
Helium or Eydrogen
MSE 430.52120 Stand Assembly, Components Test, Gaseous X{X] XX
Oxygen
430-52160 Test Stand, Components, Water XX XX
430-52210 Stand Assembly, Components Test, Water/ XX X|X
Glycol
430-621004 Test Stand, Helium Components, High Pres- X
sure
MIE Loo-120Lk04 Potentiometric Recorder and Indicator XJIX1 X
Components
420-63320 Force Measurement System X
420-638404A Actuation Subsystem, Static Firing Test X |X
Stand

Contract NAS 9-1100 LPR-550-6

- . 1 August 1964
Primary No. 760 ooUMMAN AIRCRAFT ENGINEERING CORPORATION - 7
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TABLE 6.2.3

STATUS OF LEM GSE DOCUMENTS

(continued)

Contract NAS 9-1100

Primary No. T60

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

1 A;gust 1964

LSP LVR
o ol N
,r;t;callty Part Number Ttem Name Z2i19191 9
Class Slal sl o
Sl &)
) 0
MD/TE 410-3138 Simulator Panel, Reaction Jet Solenoid X N/AV/A N/
410-3825 Signal Generating Equipment, Radar (Landing| X
Radar and Rendezvous Radar)
410-T7500A Fulse Code Moiulation an Timing Assembly, ! X
Development Test Station For
410-7600 Caution and Warning Electronics Assembly, | X
Development Test Equipment For
430-5500 Internal Environmental Simulator XX
430-6320 Stand, Substitute, Fuel Storage and Trans-| X | X
fer
430-6330 Stand, Substitute, Oxidizer Storage and X |X
Transfer
430-8120 Supercritical and Liquid Oxygen Develop- X|X] X X
ment Bench Assembly
%430-8130 Supercritical and Liquid Hydrogen Develcp-| X |X | X X
ment Bench Assembly
430-8140A Fuel Cell Test Bench Assembly, Development | X | X
Gaseous } i
430-8170 Mass Spectrometer Ieak Detectcr Assenmbly, | X |X
Helium or Hydrogen
410-12000% Electronic Equipment, LEM GSE, General X
Specification For
420-13000% Handling and Transportation Equipment, X
IEM and Ground Support, General Spec. For
430-14000% Ground Support Equipment, LEM Fluid X
Systems, General Specification For
430-18001%% | GSE Fluid Distribution System Piping X
Criteria Specification
¥ LSP - LEM Bpecification
*% LIS - LEM Interface Specification
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T.1

7.2

7.3

7.4

PARTS CONTRCL AND EVALUATTION

Acceptable Parts List

Preliminary revisions of the Acceptable Parts List and
Application Guide, LED-550-25, including revised deratings
for all transistors and semiconductor diodes, have been
completed.

A preliminary Acceptable Parts List for Ground Support

Equipment/Special Test Equipment (LED-550-32) is being
readied for distritution.

Parts Procurement Specifications

Preliminary revisicns of General (LSP) and Detailed (LSC)
procurement specifications for transistors and semicon-
ductor diodes for the LEM vehicle have been prepared.

These specifications are intended to supplement the MIL
specifications with screening requirements and with test
levels and procedures more nearly representative of antic-
ipated lunar enviromments. Present plans call for provid-
ing the subcontractors with these specifications for their
use as guldes in the preparation of their parts procurement
specifications.

Parts Application and L[iaison Activities

Considerable quantities of Type I documentation have been
reviewed, including reliability daba 1ists, procurement
specifications, and requests for approval of non-preferred
parts. Primarily, these have been submitted by subcontractors
such as RCA, Radiation, Inc., Space Technology Laboratories,
Bell Aerosystems Co., Rocketdyne, Kearfott, Elgin National
Watch Co., and Motorola. Routine review was conducted during
this quarter cn program plans, status reports (monthly. and
quarterly), failure repcrts and parts qualification programs
from the subcontractors.

Anticipated Effort for the Next Quarter

Work will continue on supplementing and revising the Accept-
able Parts List and Application Guide for the LEM vehicle
and also for Ground Support Eguipment/Special Test Equipthent.

Contract No. NAS 9-1100 LPR-550-6

Primary No. 766 T
v No. RUMMAN AIRCRAFT ENGINEERING CORPORATION * A*%ﬁ#ﬁl96h
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7.k Anticipated Effort for the Next Quarter (continued)

There will also be extensive review of (and comments on)
subcontractor documentation. OCther areas of activity
will include a continuence of the preparation of parts
procurement specifications and continued liaison with
parts manufacturers to assure Grumman that the Parts
Control Program is effective.

In addition, the question of the use of analog integrated
circuits in LEM will be investigated for the purpose of
making specific recommendations to MSC as to the con-
ditions under which these parts might be accepted for LEM.

Contract No. NAS 9-1100 LPR-550-6

Prim No. 760
8Ty No. TUMMAN AIRCRAFT ENGINEERING CORPORATION 1 August 196k
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8.0 DOCUMENTATION RELEASED DURING THE REPORT PERIOD
8.1 Memorandums
Number Date Title
LMO-550-294 5-L4-6L GSE Reliability Program
LMO-550-295 5-5-64 CANCELLED
LMO-550-296 5-5-64 PROPRIETARY
LMO-550-297 5-6-64 PROPRIETARY
LMO-550-233A 5-7-64 Updated Alternate Paths For
(Revision) Determination Of Mission Success

For The Guidance Function

LMO-550-298 5-7-64 PROPRIETARY

LMO-550-299 5-T-64 Reliability Analysis Of CSM
Rescue Of LEM

LMO-550-300 5-8-64 PROPRIETARY

LMO-550-301 5-8-64 PRGPRIETARY

LMO-550-302 5-8-64 Comments On Design Repcrt No. 1,
Dated 16 March 1964

LMO-550-303 5-12-6k4 PROPRIETARY

LMO-550-304 5-13-64 LEM Reliability PNGS/SCS Interface
Ccnfiguration Analysis

LMO-550-305 5-18-64 ECS Quarterly Review Meeting At
Hamilton Standard Cn 12 May 1964

LMO-550-306 5-19-64 PROPRIETARY

ILMO-550-307 5-19-64 Trip Repcrt - Apollo Checkout

Panel Meeting No. 10(a), MSC,
Houston, T7-8 May 1964

LMO-550-308 5-20-64 Reliability Review Of RCA Monthly
Status Repcrt

9-1100 LPR-550-
Primary No. T60 1 August 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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Contract NAS 9-1100

Memorandums (continued)

Number

LMO-550-309

LMO-550-310

LMO-550-311

LMO-550-312

LMO-550-313

LMO-550-314

LMO-550-315

LMO-550-316

LMO-550-317

LM0-550-318

LMO-550-319

LMO-550-320

Primary No. 760
GRUMMAN AIRCRAFT ENGINEERING CORPORATION

Date

5-20-64

5-27-6k4

5-27-64

5-27-64

5-28-64

5-28-64

6-1-64

6-3-6

6-L -6k

6-5-6k

6-5-6U4

6-5-6k

Title

Reliability Review Of RCA Rendez-
vous Radar Orbit Circularization
Trade-Off Studies (U), LTM-B-
3200-5, Dated 30 April 196k

Relialbility Review Of RCA Document
"LEM System And Subsystem Relia-
bility Data List, 26 March 1964"

Internal Environment Simulator,
P.0. 2-2LL460, Reliability Effort

Religbility Comments To RCA Letter
LCC-ASD-P-3200, 5100-470, Dated
14 May 1964

RCA Reliability Summary On The
Third Quarterly Review, Marquardt
Corporation, 14 And 15 May 196k

ILEM Reliability - Controller Limit
Switches Configuration Analysis

Relisgbility Comments Cn RCA Com-
munications Subsystem Monthly
Status Report Of 30 April 1964

Reliability Comments On NASA
Provisioning Policy

LEM Reliability, Kearfott Division
0f GPI, Rate Gyro Assembly -
Program Plan, Evaluation Of

Reliability Reports For The Astro-
data Signal Conditioner Specifi-
cation

Minutes Of Meetings Of 26 May And
1 And 2 June 196k, Guidance And
Control Alternate Paths

Reliability Comments On Prcposed
PDS Schemes

LPR-550-6
1 August 196k



8.1 Memorandums (continued)
Number Date
LMO-550-321 6-9-64
LMO-550-322 6-9-6L4
LMO-550-323 6-10-64
LMO-550-324 6-9-64
LMO-550-325 6-13-64
LMO-550-326 6-15-64
LMO-550-327 6-16-64
LMO-550-328 6-16-64
LMO-550-329 6-16-64

LMO-550-299A
(Revision)

LMO-550-330

LMO-550-331

6-16-64

6-17-64

6-17-64

Title

Lecture For Corporate Failure
Reporting

Reliability Comments On RCA Com-
municaticns tackaging Study Of

11 May 196k

Minutes Of GAEC/RCA Meeting Con-
cerning Maintainability/Reliability
Requirements

LEM GSE Parts

Input To Performance Specificaticn
Fcr The Microwave Switch Used In
The X-Band Transpcnder

Review Of Airesearch Procgram Plan
S5-3090, Dated 4 May 1964, Received
26 June 1964

Review Of NAA Procurement Specifi-
cation MC-453-00093 As A Common
Usage Source For LEM Pyrotechnic
Devices

STL/GAEC Maintainability Conference

Reliability Beview Of RCA Document
LEM System And Subsystem Relia-
bility Data List, Dated 15 May 1964

Reliability Analysis Cf CSM
Rescue Of LEM

Test Program Plans For The
Commuinication Subsystem VIAF In-
Flight S-Band In-Flight And ILtnar
Stay Antennas

Reliabiliity Cf The Test Program
Function On LEM 3 If The LZC And
Tape Reader Are Tmplemented

Contract NAS 9-1100
Primary No. T60
GRUMMAN AIRCRAFT ENGINEERING CORPORATION

LPR-550-6
1 August 196k




PAGE 8.4

Primary No.

Memorandums (continued)

Number

LMO-550-332

LMO-550-333
LMO-550-33k4

LMO-550-335
LMO-550-336

LMO-550-337

LMO-550-338

LMO-550-339

LMO-550-340

LMO-550-3k41

LMO-550-342

LMO-550-343

LMO-550-3kk
LMO-550-345

Date

6-18-6k

6-18-64
6-18-6k

6-22-64
6-22-6k

6-22-64

6-22-64

6-23-6k4

6-23-6L

6-24-6L
6-26-6k

Title

Response To RA TWX L843, Dated
12 June 1964: Pertinent To LEM
Instrumentation (PCMIEA) P.O.
2-18848-C

Trip Report To Hamilton Standard
Minutes Of Meeting - 11 June

1964 - Between HSD And GAEC Reli-
ability Of ECS

CANCELLED

PROPRIETARY

Trip Report On Reliability Atten-
dance

Religbility Evaluation Of RCA
Program For ATCA, Dated 28 May 1964

Addition Of A "Communication
Equipment Life" Paragraph To The
Communication Subsystem Specifi-
cation, LSP-380-2

CANCELLED

Allison Program Planning Dccuments
EDR-3700, Dat=d 10 January 1964,
And EDR-3TOOA, Dated 1 June 1964
CANCELLED

STL Preliminary Reliability Report,
Dated 1 April 1964

LEM Relialbility Computer Program

Trip Report To NASA/MSC For Pyro-
technic Meeting Held On 2 And 3
June 1964

LPR-550-
1 August 1964

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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8.1 Memorandums (continued)

Number Date Title

LMO-550-346 6-26-6k4 Reliability Requirements For
Development Fuel Cell Test Bench
Assenbly LSP-430-8140A

LMO-550-347 6-29-64 Breakdown Of The Communications
Subsystem For Maintainability

LMO-550-348 6-30-64 Alternate Paths For The Guidance
Functicon After ILoss Of Two Fuel
Cell Assemblies

LMO-550-349 T-1-6L4 STL/LEM Descent Engine Injector
Assembly Reliability Assurance
Detail Test Plan, STL Report
8438-6108-SU000, Dated 22 May
1964 - TYPE I DOCUMENT

ILMO-550-350 T-7-64 Reliability Review Of RCA LEM
Monthly Status Report, Dated 30
April 1964, LMR-(P)-3100-6,
Radar Equipment

IMO-550-351 T-13-6L4 Requirements For The Development
Of The Apollo Radiation Cooled
Reaction Control Engine

LMO-550-352 T-13-64 PROPRIETARY

LMO-550-353 T-13-64 Comments On Support Manual Outline
Tanks Positive Expulsion Propel-
lant RCS BAC Model 8339

LMO-550-354 T-13-64 Reliability Control's Review Of
The Acceptance Test Plan For The
Descent Stage Propellants Flank

LMO-550-355 7-15-6L4 Mission Success Paths For Guidance
And Control Function With Existing
Configuration And Digital Auto
Pilot Configuration

LMO-550-356 7-15-64 PROPRIETARY

Contract NAS 9-1100 LPR-550-6

Primary No. 760 1 August 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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Memorandums (continued)

Number

LMO-550-35T
LMO-550-358

LMO-550-359

LMO-550-360

LMO-550-361

LMO-550-362

LMO-550-363

LMO-550-364

LM0-550-365

LMO-550-366

LMO-550-36T

Contract NAS 9-1100
Primary No. T60

GRUMMAN AIRCRAFT

Date

T-17-6k4
T-17-64

T-20-6k4

7-21-64

T-22-6k

T-22-64

T-22-6k4

T-22-64

ENGINEERING

Title

Meeting On LRCCP On 13 July 196k

Transfer Of D/S Engine Static
Firing From AMR To WSMR Effect
On Launch Q And Operational
Readiness

Comments Re: STL Thrust Mount
And Gimbal Assembly Reliability
Assurance Test Plan No. 8438-6118-
SUO00, Dated 12 June 1964 -

TYPE I DOCUMENT

Fuel Cell Assembly Study

Review Of The Seventh Monthly
Status Report From RCA On Radars
LMR-(P)-3100-7

Reliability Review Of Kearfott
Monthly Report On RGA, Concerning
Period 1 May Through 31 May 1964

Failure Reporting Requirements
For LEM, Tmplementation Of

RCA Request For Non-Preferred
Part Approval For Varactor Diodes
And Transistors

Input To Performance Specification
For The Waveguide Assemblies Used
In The X-Band Transponder

Reliability Review Of RCA Second
Quarterly Design Report LQR-(P)-
3100-2, Dated 15 June 1964

Religbility Comments To The Kear-
fott Test Plan For The Engineering
Portion Of Design Verification
Tests

LPR-550-6
1 August 1964
CORPORATION
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8.1 Memorandums (continued)
Number Date
LMO-550-368 T-22-6L4
LMO-550-369 T-22-64
LMO-550-370 T-23-64
LMO-550-371 T-2L-6L
LMO-550-3T72 7-24-6k4
LMO-550-373 T-27-6k
IMO-550-3T7k4 T7-28-64
LMO-550-375 T-31-64

ontract NAS 9-1100
Primary No. T60

GRUMMAN AIRCRAFT

Title

Reliability Effort On LEM GSE

Comments Re: Bell Religbility
Assurance Test Plan And Failure
Mode Prediction Analysis, Report
No. 8258-932004, Dated 15 June
1964 - TYPE I DOCUMENT

GAEC Religbility Comments On RCA
First Communications Quarterly
Report

Reliability Inputs To Performance

Specifications And Vendor Request

For The Waveguide Switch And Wave-
guide Assemblies, LVR/LSP-370-202

And -203

Fuel And Oxidizer Transfer Units
(S14-002-008) Common Usage GSE
Waiver Of Qualification For Con-
ditioning System Subassembly

PROPRTETARY

Evaluation Of TMC Reliability
Testing Program Plan

Comments Regarding STL Propellant
Shut-0ff Valve Assembly, Reliability
Assurance Test Plan No. 8438-6120-
SUO00, Dated 19 June 196k

=550-
1 August 1964

ENGINEERING CORPORATION
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8.2 LED's (LEM Engineering Data)

LED-550-28
LED-550-29
LED-550-30

LED-550-31

LED-550-32

LED-550-33

LED-550-3k

Contract NAS 9-1100
Primary No. 760

5-25-64

5-11-64

5-15-6k4

6-19-64

6-26-6h
7-2-6}

T-24 -6k

RCS Reliability Ground Rules And
Estimates For Success Path Study

(oVTEETL),

Micro-Meteoroid Study Weight-
Reliagbility Trade-Off

Mission Success Path Study Of

The Related Functions Of The
Electrical Power And Environmental
Control Subsystems

LEM Mission Success Paths For Pro-
pulsion Subsystems

Acceptable Parts For GSE/STE

TEM Religbility Apportionment
Technique

Maintainability Analysis Prelaunch
Operational Readiness Of The Fixed
Injector Descent Engine

LPR-550-
1 August 1964

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




